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THE specimen on the table before us was prepared 
by John Hunter : it is one of the few in the museum 
which illustrates my subject. He took it from a man 


















bs who was admitted to St. George’s Hospital in the 
al book Year 1786 and who first complained of a rapidly 
ons wise growing and painful tumour in the right thigh. 
seventm Soon afterwards the patient died and, at autopsy, he 

exposed the tumour and found similar masses 
90 is ow {i growing throughout the skeleton. He did not know 






Practic:#™ what connexion there was between these various 
malformations, but he noted that all had a tendency 
to form abnormal bone and wrote that this must in 
some way be “in the nature of the tumours them- 
selves ”. 

During the last twenty years I have seen and 
treated more than 50 patients whom I believed to 
come within the category of primary tumour of rib, 
and in addition, through the kindness of generous 
colleagues, have had the opportunity of discussing 
many of their cases with them. This experience 
has taught me the pitfalls which await the unwary. 
No statistical information will be offered because 
some of the ‘tumours’ have defied classification, 
others have not been proved by operation or biopsy, 
and a few were ultimately shown to be inflammations, 
local manifestations of general disease, deposits of 
secondary growth, or tumours derived from the 
intercostal structures in the first instance. A 
difficulty in being dogmatic about these cases is 
that many are far advanced when first seen by a 
surgeon, and the point of origin is lost in the mass 
of growth. 

The ribs are stated to be the source of 10 per cent 
of all primary tumours of bone and yet few surgeons 
have much experience of this topic. As a student I 
was told that osteoma and osteosarcoma were the 
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—— usual primary growths, and that various cartilaginous 
; ia tumours occurred in connexion with the costal 
cust “ttilages. I do not know, in fact, of any paper 





which records an example of a pure cancellous 
osteoma and no case has come my way; nor have I 
seen or treated any patient suffering from a cartila- 
ginous tumour which started in the costal cartilages. 
It will be a part of my object to suggest the following 
points for your criticism. The relative frequencies 
of primary tumours of special types differ in the case 
of th: vertebra, the ribs, and the sternum. The 


ise. 

















* 4 Hunterian Lecture, delivered at the Royal 
Collexe of Surgeons of England on April 21, 1955. 









PRIMARY TUMOURS OF RIB * 
By N. R. BARRETT, LONDON 


commonest tumours growing from ribs are the cartila- 
ginous growths which may contain areas of calci- 
fication and other degenerations. The calcified 
areas are frequently mistaken in radiographs for 
bone. The tumours may include remnants of bone, 
but most authorities believe that these remnants are 
not tumourous but fragments of the original dis- 
integrating rib incorporated in the mass of new 
growth. 

I shall report a few examples of small growths 
which I have regarded as osteochondromas, and you 
may feel that if these had been allowed to develop 
unchecked they would have resulted in neoplasms 
of bone and cartilage, and that if the cartilaginous 
parts happened to predominate the result would 
have been a chondroma containing fragments of 
bone. Although the point is only of academic 
interest I prefer to regard osteochondroma and 
chondroma of rib as separate entities : the first rare, 
the second relatively common. 

My observations have been made in the light of 
the following personal experiences. There have 
been 19 patients suffering from cartilaginous tumours 
of rib and, of these, 8 were malignant when the 
growths were first seen. Only one patient who had 
a chondrosarcoma is alive to-day and he was operated 
upon fourteen months ago. The next most common 
group were the fibrous dysplasias, of which there were 
14 examples ; 8 of these patients underwent operation 
and the diagnosis, in the remainder, was presumed 
upon the clinical behaviour and the radiological 
appearances. These were all solitary lesions in 
ribs. Six patients had solitary osteochondromas and 
4 others had rib tumours as a part of generalized 
diaphysial aclasis. Lipoid granuloma was proved by 
histological sections in 3 cases, and a few others were 
thought to have this anomaly: in no case were 
general skeletal lesions present. One patient had 
an osteoclastoma which was resected and has not 
recurred ; another had a tumour removed which 
proved to be a solitary myelomatosis. The latter 
was resected six years ago and the patient is well to 
date. One patient had a tumour which, at operation, 
I diagnosed as a highly malignant sarcoma and did 
not attempt to resect : histologically this tumour was 
reported as benign and to be a “. . . giant-cell 
tumour of tendon-sheath”’. At operation there was 
no doubt that several ribs were involved but the 
clinical course has been straightforward and regres- 
sion has occurred with radiotherapy. Finally there 
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were quite a number of patients who died as a result 
of tumours originating in the chest wall. The 
growths had destroyed one or more ribs, and in 
their advanced states it was impossible to decide 
from whence they sprang. They were classified as 
* sarcomata ’ and may have started in the intercostal 
muscles. 


OSTEOCHONDROMA 
(Figs. 142-147) 
In their book, Tumours of Bone, Geschickter and 
Copeland (1931) reported 262 examples of osteo- 
chondroma, not one of which occurred in the thoracic 


FIG. 142.—The specimen was removed from a man aged 
24. He had noticed a bony-hard lump fixed to his chest wall, 
just below the tip of the scapula on the left side. It caused 
some inconvenience but not enough to make him seek advice 
until, one day, it became painful. The pain was due to an 
increase in size of the bursa, which could be felt clinically. 
Because the diagnosis was not certain the whole of the affected 
rib and the adjacent intercostal structures were removed in 
one block. The bursa is held open in this painting. 


cage. They believe their cases to be benign tumours 
arising from precartilaginous connective tissue, and 
define them as exaggerations of normal bony pro- 
tuberances intended for anchoring tendons. Some, 
they say, are congenital, some familial, some follow 
trauma, and some may be the result of chronic 
inflammation. Nearly one-third occur on either side 
of the knee-joint and males are twice as commonly 
afflicted as females. The highest incidence is 
between 10 and 30 years of age, but osteochondro- 
mata may be revealed at any age. The average 
duration of symptoms is 5 years and the clinical 
course benign. They imply that the words ‘ exos- 
tosis’ and ‘ osteochondroma’ are interchangeable 
terms. 

The tumours of this type which I have treated 
in the ribs have had abnormal bony and cartilaginous 
elements in them, and so I have preferred to regard 
them as osteochondromata and not as exostoses. 

No large series has been reported in ribs; my 
experience is of 6 cases. Of these, 4 have been 
treated by excision because they were painful, owing 
to an unsightly lump, or because a bursa was causing 
symptoms ; 2 of the patients came to me a long time 
ago and they were watched because the tumours 
appeared to be quiescent, and I have not been able 
to ascertain the result. 

An osteochondroma can occur in any part of a 
rib ; it is not related to the epiphyses, which are at 
the back ends, or to the costal cartilages anteriorly. 
In their early development, these tumours project 
from one surface of the affected rib, and, in my cases, 
they have grown outwards. The characteristic form 
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has been an osseous base growing from th» oute 
table, containing a prolongation of the central >one of 
the rib and surmounted by a thick cartilaginous cap 
and bursa. One tumour which lay under the scapuyl, 
caused a bursa of great size between the points of 
friction. Such a bursa, emerging from uncer the 
scapula, beneath the muscles of the back, or into the 


FIG. 143.—The radiograph of the operation specimen. In 
the region of the tumour the dense calcification obscures all 
detail and makes accurate diagnosis difficult. 


axilla, produces a lump which mimics other cystic 
swellings and is a source of mistaken diagnosis unless 
radiographs, taken at appropriate slants, have shown 
the bony abnormality. 

The histological sections of the osteochondromata 
have shown that the bone of the rib adjacent to the 
lump is incompletely ossified in parts. The cartila- 
ginous cap is sometimes broad and is composed of 
cells which are normal in places, immature in others, 
and abnormal in yet others. In the zone of the 
cartilage cap there are islets of calcification. The 
whole of the cartilaginous cap may stain less deeply 
than normal cartilage. 

I do not know the ultimate fate of these tumours ; 
but if they can be compared with osteochondromata 
elsewhere, it is probably true to say that the bony 
parts cease to grow after the rib itself has reached 
maturity. The lump may then remain static for 
many years, but at any time it is at least theoretically 
possible that the fcetal or the abnormal cartilage 
cells may start to grow once more and become 
malignant. 

The clinical features which suggest the diagnosis 
are these: The history is long. The lump is hard 
and fixed and, in my experience, was never larger 
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PRIMARY TUMOURS 


than a plum; it is surmounted by a bursa. The 
surface of the tumour is not uniformly smooth, and 
the bursa may vary in size. In one patient the 
tumour was thought to be growing whereas, in fact, 
the increase was due to the liquid in the bursa. Pain 
may be the first feature. 


Fic. 144.—At the age of 8 weeks this child, who is now 
aged 3 years, fell off a chair and is said to have injured the 
lower part of the right chest. The fall was not seen; but 
shortly afterwards the mother noticed a lump to be growing 
at the place where the tumour now is. Apart from the obvious 
deformity, the child was healthy and symptomless. There 
were no other bony abnormalities. 


Radiographs must be secured showing the pro- 
tuberance in silhouette, for then it may be seen to 
involve one table of the rib. There may be obvious 
calcification in the cartilaginous cap. Unfortunately 


Fic. 146.—A painting of the cut surface of the tumour. 
This shows that, although it is immediately adjacent to the 
costal cartilage, the mass is separate from the normal cartilage. 


none of these radiological points are pathognomonic 
of the condition. 

The treatment is excision because the operation 
is safe, the diagnosis in doubt, and the tumour a 
nuisance. The normal rib, for a distance of at 
least 2 in. on either side of the tumour, should be 
taken away with the mass. 
these cases to cover the gap by suturing the pleura 
this membrane regenerates spontaneously—but it 


There is no necessity in / 
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may be advisable to do some plastic repair upon the 
superficial structures in order to prevent local 
instability of the chest wall. In my experience 


hernia of the lung has not occurred through gaps in 


3 


FiG. 145.—Radiographs of the specimen removed at oper- 
ation. Note that the architecture of the rib adjacent to the 
tumour is abnormal and if the lump had merely been shaved 
off locally it would probably have recurred. 


the lower thoracic cage, but in one case a hernia did 
appear in the second space anteriorly. There is no 
difficulty about repairing such a hernia at a later 
date if necessary. 


Fic. 147.—Low-power photomicrograph of the specimen. 
On the left is the normal costal cartilage which has stained 
deeply and is sharply demarcated from the tumour. By 
contrast the cartilaginous cap of the tumour has hardly 
taken up any stain. On the surface of this cap is a very thin 
shell of irregular bone. The cartilage of the cap is acellular 
and such a> as there are, are irregular and not arranged in 
columns. Beneath the cartilaginous cap is bone: this is 
not completely ossified, it contains many islets of cartilage 
and the calcification which is so prominent in the radiograph. 
The abnormal bone and cartilage extends for about 1 in. along 
the shaft of the rib. 
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MULTIPLE EXOSTOSES to go back, wheezing being present and asthn a being 

(Fig. 148) diagnosed by his doctor. He was discharged {-om th, 

(Hereditary Deforming Chondrodysplasia : Army with ‘fibrosis of lung and exostose:’. His 
Diaphysial Aclasis) breathlessness remained, although it caused im my 

This is a disease which goes by many names. It great trouble, but in 1948 his symptoms again ir crease 


: e He received slight improvement from breathing « xercige, 
affects the ribs and the scapule and the multiple and his asthmatic attacks were improved by libarvip 


tumours are associated with other skeletal deformities _inhalations, or in severe attacks by intravenous Cardp. 
such as bending and shortening of the long bones. phyllin. At most times he is well except on cxertion, 
when he suffers from definite disability. In spite of th 
apparent functional cause for his asthma, he does no 
appear to me neurotic in the ordinary sense of the word 
and he is very anxious to try any treatment which may 
improve his dyspnoea.” 
In my opinion no surgical treatment was possible 
in this case as there were at least four large exostose 
—the size of cricket balls—deforming the right ches 
and two or more on the other side. 
In general the diagnosis presents no difficulty; 
but an interesting pitfall was revealed in a patien 
whose principal deformities were in the legs. A 
radiologist, who did not know about these peripheral 
exostoses, was asked to take a film of the chest for 
some other purpose. It so happened that the ribs 
were clear, but there were two exostoses the size of 
plums in the vertebral border of the scapula on the 
right side, and the shadows which these cast overlay 
the lung fields and were interpreted as cysts in the 
right lung, surrounded by local areas of pneumonitis. 
This experience underlines the necessity for 
examining the whole skeleton—at least clinically— 
whenever a tumour of the chest wall is suspected; 
it also suggests that diagnosis of tumours of ribs by 
-- we nr ae ca radiology alone is inadequate at the moment, and 
rort 1S ,i48.— Radiograph of the chest of a girl aged 21 years; vet it has been my experience that most patients ar 
aclasis. The tumour shown at the back of the right chest was treated on their radiographs unless the surgeon 


cay by eames but several exostoses had been removed happens to be familiar with this subject. 


with irregularities at the metaphysial ends. There THE CARTILAGINOUS TUMOURS OF 
is a strong hereditary tendency and the tumours can RIB 

be large and painful. Secondary malignant change (Figs. 149-162) 

is rare and for this reason I believe that the treatment 


is symptomatic. Some tumourous masses can be monest tumours of rib. They originate in the 
excised with advantage. 


Chondromas and chondrosarcomas are the com- 


- , ' centres of the ribs, and produce tumours which 

b — cong 9g ae og meg a . a! expand and replace the normal bone. They differ 
Titiee a Re nd p owe Some rom iT. X. D. from osteochondromas in that bone in the tumour 
ging = ugby ee a itself is absent or sparse, though calcification is 4 
The patient's two sisters are said to have exostoses common feature. Geschickter and Copeland stated 

and this man has a number of ‘ chondroma ’ affecting the thet chonde : ag : 
ribs in which ossification has taken place. Others are t choncromas are tumours growing in = Super 
present in other areas of the body. Originally an exostosis | 2UMerary joint cartilages, derived from a prechondral 
was present on the inner surface of the right scapula and COmnective tissue which normally forms the joints of 
this was removed by operation. A smaller tumour was the body”. But cartilaginous tumours in rib are 
removed from the same area in the patient’s son. Inthe not connected with the epiphyses, nor are they 
case of the son the chest deformity was considerable derived from the costal cartilages. They are true 


but it completely disappeared after operation. In this primary tumours of bone and their mode of origin 
patient, however, the operation was performed later in 


life and he has been left with an effect like that of a °° = mga — believe ba form in we 
partial thoracoplasty on the right side. The ossified cartilage which ere normally present un ol f 
area does not give any clear indication of the size of the ,#eTiosteum: others that they are aberrations 0 
patient’s exostoses, a point which has been confirmed by © growth occurring in the cartilage of callus after a 
screening lumps which can be felt to be much larger than fracture, and some that they are ‘ central ’ or enchon- 
the ossified X-ray area suggested. The exostoses on dromas. The matter remains in doubt because the 
the patient’s chest wall which are largely intrathoracic growths are often of long standing when first seen by 
are encroaching on his thoracic cavity. The whole 4 surgeon. 


thorax is relatively immobile and moves little with : : t 
respiration, most of which is diaphragmatic. The first sign is usually a palpable tumour, bu 


“* The patient had few symptoms until 1945 when he intermittent pain may bring the patient for = 
suddenly became breathless on exertion while on leave Pinion. Three types of pain have been described ; 
from the Army. After one week in bed this breathlessness 2 dull ache at the site of the lesion itself, a pleural 
eased slightly but returned two days before he was due pain where the mass encroaches upon the lung, or 
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PRIMARY TUMOURS 


pain re erred along the path of an intercostal nerve. 
The general health is seldom impaired until metas- 
tases ar= present or ulceration through the skin has 


occurrei, and the fact that a patient feels and looks 
well is not a point in diagnosis as between simple 


Fic. 149.— Radiograph showing the typical appearance of 
a chondroma. The patient was a young man who noticed 
an aching pain in the right chest. No oles abnormality was 
found. rhe tumour was removed in 1942 and has not 
recurred. 


FIG. 1§1.—Mass radiography pick-up. The patient was 
a perfectly fit naval rating, aged 19 years, who had no symp- 
toms and no physical signs. The radiograph shows a typical 
“chondroma growing from the posterior end of the 8th rib 
on the left side. 


and malignant growths; two of my patients, who 
presented with enormous sarcomas and who died 
within a year, walked up to the hospital complaining 
simply of a mass in the chest wall. Not all chon- 
dromas are palpable, some may be hidden by the 
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scapula, others growing principally into the thorax. 
Those most likely to be missed are derived from the 
floating ribs and grow between the thorax and the 
abdomen. A chondroma feels hard and fixed and 


the surface is often bossed ; in places there may be 


Fic. 150.— This radiograph is of the lower part of the 
right chest of a woman, aged 43. It shows destruction of the 
lowest three ribs and areas of calcification. This tumour was 
just palpable clinically ; it was missed in the ordinary ‘ straight ” 
radiographs of the chest because it was masked by the liver 
shadow. The tumour was removed in 1940: it was about 
the size of a grapefruit and proved to be a simple chondroma. 
It has not recurred. 


FiG. 152.—Photograph of the specimen removed at 
operation. The tumour is composed of cartilage. The 
patient was well and without any evidence of recurrence I! 
years later. (x }.) 


areas which are cystic, these are due to degeneration 
in the tumour and not, in my experience, to an over- 
lying bursa such as is found in the osteochondromas. 

Cartilaginous tumours of rib have been found in 
patients of both sexes and all ages: they are 
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commonest in young adults. The majority involve J The clinical features which suggest that th 
one rib only at first, but some are multiple. The single“ tumour is, or has become, malignant are pain, recep; 
chondromas grow in any part of any rib, but are increase in the bulk of the mass, invasion of adjacen; 
often found near to the angles, or close to, but structures, and the presence of metastases, particy. 
separated from, the costal cartilages in the front. larly in the lungs. Any or all of these may 
The rate of growth varies from slow and inter- absent. 

mittent, in the benign chondromas, to rapid in those When a tumour is frankly malignant, the outlog 
which are, or have become, malignant. In some for the patient is ultimately bad, but death may be 


FIG. 153.—Photographs of a middle-aged man who was sent up because the tumour projecting from his chest wall 
had recently been getting bigger. There was no pain; no disability and no other physical signs. 


‘ 


ae 


FIG. 154.—Radiographs of the mass after removal. Note the general mass is rather opaque although there are 
areas of diminished density and the cortex of the rib adjacent to the tumour is not normal. The whole rib and the inter- 
costal structures on either side of it were removed in one piece. 


there is a history of long years before the patient delayed for many years by excision. In 1940 | 
consults a doctor, and a chondroma can remain operated upon a man who had a large chondroma 
dormant throughout a lifetime ; others, for reasons growing from the tenth rib on the left side: to 
unknown, suddenly take on new and vigorous growth remove the growth it was necessary to take away 
after a period of quiescence. Some writers have stated / part of the lower lobe of the lung, part of the dia- 
that whatever the clinical signs, 40 per cent are malig-/ phragm, and the pericardium as well as the spleen. 
nant when first seen. A chondroma which is growing This man remained apparently well until 1952 
is not necessarily malignant and one which appears although the original histological report was of 4 
stationary on serial radiographs can be malignant. highly malignant tumour. I had not seen him in 
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the interval and during that time the chondroma 
had occurred. I operated again in 1953 in an 
attempt to excise a colossal local tumour invading 
the abdomen and the thorax, but was not able to 
get the mass away because it included and encircled 
the abdominal aorta: the final histology was un- 
changed and there were no secondaries 
esewhere. On the other hand two 
other patients who had chondrosarcomas 
lived less than a year after wide excisions 
of the chest wall ; both died with local 
and pulmonary metastases. Thus it 
appears that a local recurrence may 
occur at any time up to ten years or 
more, but it does not necessarily signify 
malignant change, and in one patient a 
benign chondroma was excised four 
times before it was cured. The last 
recurrence in this patient grew in the 
latissimus dorsi muscle and must have 
been due to a seedling broken off 
fom the original tumour at one of 
the earlier operations. 

Cartilaginous tumours are circum- 
scribed and lobulated, and even when 


Fic. 1§6.—This radiograph is of the chest of a married 
woman, aged 19 years, who was admitted because she had 
felt listless for 3 weeks and had developed a hard mass in the 
left axilla. She had no other physical signs. This radio- 
graph shows a large opacity, which is fairly homogeneous, 
contains no calcification and the tumour has destroyed the 
axillary part of the 6th rib. From this film it was impossible 
to be sure whether the tumour arose primarily in the 6th rib 
or in the periphery of the lung. 


malignant may seem to been encapsulated by a 
tim of compressed tissue. They grow most 
teadi'y inwards and impinge upon the thoracic 
cavity, and only in the later stages do they become 
palpable under the skin. Some tumours are 
wholly intrathoracic and these may be very 
large: they are ultimately revealed as a result of 
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mass radiography or because of pain, cough, or 
hemoptysis. As the tumour grows it impinges upon 
adjacent ribs. These are at first displaced, but later 
are inseparably incorporated in the mass. If the 
lesion starts near the head of a rib the bodies of the 


adjacent vertebra become involved, and this leads 


Fic. 1§5.—Painting of the cut surface of the specimen. Note the 
following points : 
Ahe shaft of the rib. 
of tissue : in some places it is formed of benign cartilage, in others it is cystic, 
and the hemorrhagic areas are frankly malignant. 
operation to say more than that it was a cartilaginous growth which could 
be removed. Histologically it proved to 
patient is alive, without metastases, fifteen months later. 


The abnormal process extends for some distance along 
The tumour is composed of a variety of different types 


It was impossible at 
be a chondrosarcoma. The 


to lateral curvature of the spinal column. In one 


case a prolongation of the tumour had grown through 
an intervertebral foramen and, extending in the extra- 
dural space, caused spinal compression and paralysis. 
These symptoms were relieved by removing the 
extradural prolongation at a subsequent laminectomy. 


Fic. 1§7.—Radiograph of the operation specimen. The 
tumour was removed through a long thoracoplasty incision. 
It had not invaded the large muscles of the back but there was 
much cedema in these muscles. Having opened the chest 
below the tumour, the lung was found to be adherent and 
probably invaded. The tumour, parts of ribs 3 to 9 and the 
whole of the left lung were taken out in one piece. This left 
an enormous deficiency in the left chest wall and this was 
bridged by a large sheet of tantalum gauze wire which was 
stretched between the remaining ribs. A local plaster cast 
was incorporated in the dressings. Convalescence was un- 
eventful and she left the hospital, feeling well, 16 days later. 
Four months later she developed metastases in the remaining 
lung and died soon afterward. 


The chondromas which grow into the medias- 
tinum may become particularly large and press upon 
or displace important structures. Nerves are not 
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usually paralysed by simple growths although 
Horner’s syndrome and involvement of the brachial 
plexus have been reported. The great vessels or 
the gullet may be obstructed. One of my patients 


came to hospital complaining of dysphagia and this 


are often confused radiologically and both a: = treg. 
able. A chondroma—by comparison with a fibroy; 


dysplasia—casts a shadow which is more hom. 
geneous ; it is relatively opaque and trabecuation js 
The contour of a chondrom 


not a striking feature. 


— 


1 


Fic. 1§8.— Painting of the cut surface of the specimen. 
Microscopy showed it to be a chondrosarcoma. Dissection 
of the specimen showed that the tumour had started in the 
6th rib; but several other ribs had been involved by direct 
extension. The lung was also invaded and the lymphatic 
vessels in the hilum contained many malignant cells. Note 
that in this case the total clinical history was only 5} months. 


was relieved by removing a chondroma which had 
grown into the mediastinum from the back of the 
sternum. A chondroma can grow from the thorax 
into the abdominal cavity, and the diaphragm and 
pericardium can be transgressed. Ulceration and 
infection of the skin over the tumour can occur in 
the latest stages and hemothorax or empyema have 
been described. 

It can be difficult to distinguish radiologically 
between primary tumours of rib and such conditions 
as sarcoma of the chest wall (rhabdomyosarcoma, 
for instance), peripheral tumours of the lung, 
endothelioma of the pleura, etc., in all of which 
the ribs may be dissolved away and replaced by 
growth ; but in these cases the diagnosis is generally 
only of academic interest because the patient cannot 
be helped by surgery. An important point to clarify, 
if possible, is whether the tumour is cartilaginous 
or a fibrous dysplasia, because these two conditions 


Fic. 159.—The patient was a boy, aged 19, whose abnormal- 
ity was first picked up on a mass radiograph taken in the army. 
He felt perfectly well at the time. The X-ray film was inter- 
preted as showing an area of ‘ pneumonitis’ in the left lung, 
but closer scrutiny showed that the mass contained calcification 
and that at least one rib was involved. He was admitted to 
St. Thomas’s Hospital in January, 1950, and at that time he 
was in excellent health. 


is lobulated and the areas of calcification which it 
contains either involve the whole mass (rendering it 
densely opaque) or are segregated to certain parts of 
the lesion. In some malignant cartilaginous tumours 
radiating spicules of bone can be seen, suggesting 
that, in these at least, the bony remnants are malig- 
nant as well as the cartilage. Chondromas give the 
impression of having started in the middle of the 
bone: they produce an expanding mass which 
eventually obliterates all remnants of the normal rib, 
and clinically they always turn out to be more exten- 
sive than the radiographs suggest. 

As one looks at a chondroma from within the 
pleural cavity its surface is shiny and nodular ; the 
pleura remains intact for a long time, although vas- 
cular adhesions can form between the visceral and 
parietal layers so that the lung becomes adherent. 
For this reason blood-staining of the sputum can 
occur although no invasion of the lung by the tumour 
may be found. The pleura overlying the tumour 
may be penetrated in places by small, firm protrusions 
which can break off easily on palpation and act as 
seedlings. None of these macroscopic features are 
sufficiently characteristic to make pneumothorax and 
thoracoscopy worthwhile as diagnostic procedures. 

In some cases the chondroma will be adherent to 
the lung or growing from the ribs at the place where 
the diaphragm is attached. neither of these points 
adds much to the difficulty or danger of the opera- 
tion. Experience has taught that massive tumours 
are almost certain to be malignant in one or more 
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places ; but there may be no proof of this at opera- 
yon, and the fact that some of my patients who had 
histologically malignant growths survived for a long 
time before they eventually died leads me to recom- 
mend that drastic surgical measures are justifiable 
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Radiotherapy is of no avail. The specimen should 
include the tumour, together with the intercostal 
structures intact on either side of it, and the whole 
or at least the great part of the affected rib or ribs. 
Sections taken along ribs which have been removed 


> 


unless metastases are obviously present. A benign 
chondroma which has been removed by local excision” 
js apt to grow again in the same rib. 

After surgical removal it is possible in most cases 
to recognize that the growth is of cartilaginous 
origin, but it is not easy to be certain whether it is 
jnnocent or malignant. At one end of the scale are 
the small, benign lesions which, on cross-section, 

t a homogeneous pearl-grey colour. The 
normal architecture of the rib has been destroyed 
and the cortex is thinned and expanded at the site 
ofthe growth. At the other extreme are the larger, 
nodular growths, the cut surfaces of which present 
a mosaic pattern due to strands of fibrous tissue, 
islands of calcification, or irregular fragments of true 
pone. Added to this one finds cystic spaces con- 
taining a jelly-like fluid and sometimes areas of 


ham is. i Fic. 160.—Radiograph of the specimen removed at 
orrhage and necrosis Whatever the histology Operation. The tumour had not invaded the lung. This 
radiograph shows a large, rather dense, opacity containing 
calcification ; but in addition there are radiating spicules of 
bone resembling the appearances of an osteogenic sarcoma 


growing in along bone. The patient stood the operation well. 


the overall colour remains a pearly grey, and even 
the frankly malignant growths are apparently encap- 
sulated and can generally be locally removed unless 
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FIG. 161.—The operation specimen. A _ shows the whole tumour: note the nodular surface. B depicts the cut surface and 
shows the way in which small ae of malignant cartilage are invading the overlying muscles, and in several places the pleura 
has been transgressed by papilliferous, soft, cartilaginous excrescences. The sections showed chondrosarcoma. 


they include vital structures. Metastases in the lungs 
may or may not be picked up in radiographs unless 
they contain elements more opaque than cartilage. 
The tissues adjacent to malignant growths often 
appear to be edematous and contain many distended 
veins. 

The final diagnosis depends upon the histological 
features, and in deciding upon a doubtful specimen 
the writings of Lichtenstein and Jaffe (1942) are 
valuable. They stress these criteria of malignant 
change: The individual cartilage cells are large, 
they show variations in size and shape and the nuclei 
are atypical ; the cells are often single and separated 
from each other by a mass of matrix. Giant cells 
may be found and there is much variation in different 
parts of the same specimen. They point out that the 
benizn tumours are often more cellular than those 
which have metastasized, and that mitosis is never 
a prominent feature. The fragments of bone, 
calc fication, fibrosis, mucoid degeneration, or hemor- 
tha:e are not part of the new growth. 

Che treatment of all cartilaginous tumours of rib 
—v hether they be simple or malignant—is wide 
exc sion unless obvious metastases are present. 


on account of cartilaginous tumours often show 
abnormalities in the cortex of the bones which look 
normal externally, and these may account for the 
well-recognized tendency for local recurrence. In A 
some of the reported series of cases_30—40 per cent 
of benign chondromas have grown again after local 
excision. The pleura in relation to the tumour must 
come out without being disturbed, and other tissues 
to which the mass may be adherent must be excised. 
Particular care must be taken not to rupture the 
cystic areas, or to break off papilliferous projections 
from the surface of the mass as the tissues are cut 
away. If these accidents happen seedlings may 
grow wherever they be lodged. The size of the 
tumour is of itself no contra-indication to radical 
removal ; the factor which usually determines this 
issue is adherence of the mass to large blood-vessels 
in the mediastinum or, in the case of malignant 
growths, invasion of vital structures. 

My experience can be summed up as follows :-— 

1. All patients having a cartilaginous tumour of 
rib should have it removed whether it is symptomless 
or not. If metastases are already present no treat- 
ment is of any avail. 
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2. It can be impossible to tell whether a cartila- 
ginous tumour is simple or malignant until the 
histological sections are available. 

3. Simple chondromas can recur locally if they 
have not been adequately removed. Seeding may 
occur in the operation wound. 

4. Once the tumour has become malignant the 
patient is practically certain to die, but may survive 
—apparently cured—for a surprisingly long time. 





Fic. 162.—This drawing was made 1 year after operation. 
The patient had been given a short course of radiotherapy 
without avail. The tumour has recurred in two places in the 
chest wall. Eighteen months after operation he developed 
metastases in the lungs and 3 months later he died. After 
operation he had had more than a year of useful life, during 
which time he felt well. The total length of his illness was 
24 years. 


In concluding this section I cannot do better than 
to stress the opinion of Evarts Graham that all cartila- 
ginous tumours of the chest wall must be regarded 
as potentially malignant. 


OTHER ‘ TUMOURS OF RIB’ 


There are various conditions which, clinically, I 
have found to mimic the cartilaginous tumours. 

Fibrous Dysplasia (Osteitis Fibrosa) (Figs. 
163-171).—These names have been applied to a 
variety of diseases affecting bone. At one extreme 
there are conditions such as Albright’s disease, in 
which the skeleton as a whole may be involved and 
in which there are extra-osseous abnormalities such 
as pigmentation of the skin, endocrine disturbances, 
premature maturation, cardiac and renal abnormal- 
ities ; whilst at the other there are the solitary bone 
lesions uncomplicated by extraneous factors or by 
alterations in the chemistry of the blood or the urine. 
It is the latter which particularly concern us, and the 
lesions are important because they are relatively 
common. Schlumberger (1946), for example, de- 
scribed 69 cases; 67 of these gave rise to solitary 
masses and 29 occurred in ribs. 

Fibrous dysplasia of rib produces a mass which 
is often large when the patient is first seen, and the 
abnormality may be picked up by a radiologist. 
One or more ribs may be involved: these may be 
separate from each other or adjacent. In some 
cases there is a local aching pain, and if a fracture 


has occurred at the site of the mass this pa:n may TI 
be more acute for a little time. On the whole the put 1 
symptoms are strikingly few. The general health & The | 
and the blood chemistry are normal. 





FiG. 163.— Radiograph of the right side of the chest of a 
painter, aged 34 years, who was admitted complaining of inter- 
mittent pain, rather like a pleurisy in type, becoming more 
frequent. No other physical signs apart from the scar of an 
abdominal operation at which a perforated duodenal ulcer had 
been sutured. The radiograph shows the typical features of 
fibrous dysplasia of rib. No tumour was palpable, and there 
were no bone lesions elsewhere. 








FiG. 164.—Part of the specimen removed at operation. 
The homogeneous pinkish surface of the mass is rather 
characteristic of fibrous dysplasia. On scraping the surface 
with a knife tiny spicules of bone could be felt. Four years 
after excision of the mass the patient was well and without 
evidence of recurrence. th 


for 
If the mass happens to be situated in a part of — ri 
the chest wall which can easily be palpated the lump th 





itself may be felt, although in the larger specimens de 
I have examined the chief direction of growth was Ov 
inwards. The lump is hard and fixed: it is not ou 
tender and is likely to be mistaken for a chondroma tri 
on clinical grounds. It does not become adherent T 
to adjacent structures. T 
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The radiological appearances are not diagnostic 
put might become so with increasing experience. 
The lesion consists of a mass which has destroyed 


Fic. 165.—Radiographs of the right side of the chest of a 
patient who first came to hospital in 1943 complaining of a 
vague ache in the right chest. There were no physical signs 
and the radiographs were considered to show a ‘ heman- 
gioma’ of rib. No treatment was given. The patient stated 
that twenty years previously she had been struck on the back 
of the right chest by a soldier’s rifle ; no fracture of the rib 
occurred as far as one can tell. This lesion is radiologically 
the same to-day (1955) as it was in 1943 and is almost certainly 
an example of fibrous dysplasia. 


FIG. 167.—Radiograph of the specimen removed. It is / 
typical of fibrous dysplasia and shows the soap bubble arrange- 
ment of the bony trabeculz. 


the architecture of the bone and the changes extend 
for a short distance into the substance of the normal 
rib on either side. Between the normal bone and 
the edge of the mass there is a sharp zone of increased 
density about 1 mm. in thickness which is prolonged 
over the surface of the mass where it becomes thinned 
out and deficient. Throughout the mass there are 
trabecule of bone, but calcification is not prominent. 
These appearances have been likened to soap bubbles. 
The normal architecture of the rib is totally 
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replaced. There is probably no condition affecting 
ribs which tempts the unwary radiologist to a greater 
variety of speculative diagnoses: in my experience 
these have ranged from hamangioma to osteolytic 


sarcoma, and the mistakes are largely due to the 
fact that several ribs may be involved, and to a lack 


166.— Radiograph showing an oblique view of the 
chest of a man aged 29. He stated that he had had a ‘ lump 
on his rib’ for 16 years. It started, according to the patient, 
at the site of a fracture, but no radiograph was taken at the 
time. He came up to hospital only because he felt tired. 
Physical examination revealed a ‘ bony’ hard swelling at the 
site of the lesion shown in the radiographs, and no abnormal- 
ities were discovered elsewhere. 


FIG. 


FiG. 168.— Painting of the cut surface of the lump. | Histo- 
logically it was a typical fibrous dysplasia. The operation was 
done 4} years ago and no recurrence has appeared. 


of knowledge as to occurrence of fibrous dysplasia 
in ribs. 

There is no difficulty in removing these 
‘tumours’ surgically, but a generous piece of 
normal bone on either side of the lump should be 
taken away with the specimen. 

Macroscopically one finds that the bone has been 
replaced by firm, maroon coloured tissue in which 
there are dark patches; the cut surface is gritty 
and this is due to minute spicules of bone; 
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around the edge there is sometimes a zone of yellow 
tissue which looks like compressed fat. The 
original periosteum of the affected rib often 
appears to be intact over the swelling, and can 
sometimes be stripped off the ‘ tumour ’. 





FiG. 169.— Radiograph of the left upper chest of a man aged 
48 years. Four months previously he had sustained a heavy 
blow which caused much bruising of the chest wall, at the 
place where the mass was discovered later on. The lesion at 
the time was thought to be a chondroma and the ordinary 
chest films are suggestive of this diagnosis because the detailed 
structure of the tumour is obscured by overlying shadows. 





Fic. 170.—Radiograph of the specimen removed at operation. In this film the charac- 


throughout the specimen and although, © nically. 
macroscopically, and radiologically, these ; vellings 
never progress to bony tumours, the islets >f bone 
in amongst the fibrous cells look active and sormaj 
It is perhaps for this reason that the trabevula, sg 
well seen in radiographs, form such a feature, ang 
do not convey the impression of being simply the 


remnants of the damaged rib. Small cystic space; J 


and areas of local hemorrhage may be found, as wel! 
as aggregates of foam cells which contain fat. The 
general impression is of a vascular fibroma containing 
islets of bone. 

There is no case on record of a solitary mass jp 
which malignant changes have supervened; the 
prognosis is universally good. For this reason yoy 
may inquire whether removal of these masses js 
desirable or necessary. In a few patients the matter 
is not in doubt because a large tumour has formed in 
the chest wall, but the cases for debate are those ip 
which serial radiographs reveal no progress of growth 
and the patient is symptomless. I submit that this 
is a problem in which the surgeon must be guided 
by his experience. His diagnosis is likely to be 
based upon the radiological picture and, if this can 
be developed to a fine point, conservative measures 
would be justifiable. At the present time few 
surgeons would claim this knowledge with sufficient 
conviction, nor can any tell which cases advance 
and which are likely to remain quiescent. As long 
as doubt persists fibrous dysplasia must be treated 
surgically by excision. This establishes the diag- 
nosis and cures the condition. 

The aetiology of fibrous dysplasia is unknown, 
though some suggestions have been advanced. In 
the ribs it is at least a possibility that trauma may 
be concerned because all the stages between healing 
of a simple fracture and the fully developed ‘ tumour’ 
can be found. For this reason it has been said that 
fibrous dysplasia is a manifestation of unrestrained 
repair, and that the reason it occurs relatively fre- 
quently in ribs is that the bones of the thoracic cage 
are often involved in injuries. 

Several of my patients associated their ‘ tumours’ 
with trauma, but in none was there an undoubted 
connexion between the injury and the 
mass which ultimately developed. The 
following points may be relevant to this 
discussion. One woman was admitted 
complaining of pain in the right chest, 
which was suggestive of pleurisy. On 
examination she had a spontaneous frac- 
ture in the sixth rib in the axillary line: 
this fracture had produced callus which 
was painful to palpate but the bones 
remained united after several months. 
To verify the diagnosis and to relieve 
the pain I excised the relevant portions 
of rib and the histological reports varied 
as between a healing fracture and osteitis 
fibrosa. In another woman a cyst-like 


teristic features of fibrous dysplasia, as opposed to chondroma, are apparent. tumour had destroyed the normal archi- 


The diagnosis cannot be made with confidence 
until the mass has been removed and subjected to 
microscopy. The characteristic features are these. 
The tumour is composed of fibrous tissue which is 
vascularized. Spicules of bone, or cartilage, appear 


tecture of the neck of the fourth rib. It 
was symptomless and found by mass radiography. 
Being uncertain of its nature I advised, and carried 
out, excision: the cut surface of the tumour, which 
was about the size of a plum, looked like fibrous 
dysplasia, but the histologist reported upon it as 4 
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healing fracture, because it contained islets of 
cartilage ; 

Lipoid Granuloma (Eosinophilic Granu- 
joma) (Figs. 172-174) is generally regarded as a 
disorder of lipoid metabolism related to Letterer- 
Siwe disease and Hand-Schiiller-Christian disease. 


ee ome 


diameter. In colour they were yellowish brown (Fig. 
172) at the edges and of a fibrous structure centrally. 

The histological sections in this last case were 
identical with those of two other patients I have 
operated upon. In one of these (Figs. 173, 174), 
Dr. Thomlinson wrote the following report: “In the 


Fic. 171.—Paintings showing the whole mass, and the appearances on section macroscopically. The histology was fibrous 
dysplasia. The operation was done in January, 1949, and in 1955 there is no recurrence. 


It is relevant to our topic because the lesions which 
occur in ribs are generally mistaken for tumours of 
rib. The condition has not often been reported, 
and in 1948 Maurer and De Stefans were only able 
to describe 7 solitary examples which had occurred 
in ribs. In spite of this I feel convinced that most 
thoracic surgeons will have had experience of one 
or two cases which they have not reported. My 
own experience is of 3 proved cases. In none of 
these were there any constitutional signs or symp- 
toms and the patients were submitted to surgery 
because a slowly growing cyst-like abnormality had 
been detected in a rib’ By vadiology. Each of the 
patients complained of some mild aching pain in 
the affected part of the rib and the radiographs 
showed small, well-defined, solitary, punched-out 
areas affecting the cortex and causing a little widening 
of the bone. No mass was palpable clinically, and 
the lesions were not easy to feel at operation; the 
diagnosis was made histologically. 

Radiologically the lesion is said to imitate bone 
cyst, giant-cell tumour, Ewing’s tumour, or solitary 
myeloma. It has been found particularly in children 
and young adults. A pathological fracture can occur 
at the site of the lesion. The patient may be symp- 
tomless or complain of general disorders such as 
malaise, loss of weight, pyrexia, and a leucocytosis in 
which eosinophils can predominate may be found. 

I believe that the wisest treatment is to excise 
the affected segment of rib in any doubtful case ; 
this confirms the diagnosis and is not followed by 
recurrence. The fact that a positive diagnosis can- 
not be made without excision is a reason for opera- 
tion. A lipoid granuloma is said not to become 
malignant, it may respond to radiotherapy, and 
spontaneous resolution has been reported. 

A man, aged 43, who was symptomless, came to 
me because a mass radiograph had shown two cyst- 
like lesions affecting the ninth rib on the left side. 
When told that there was something wrong with 
one of his ribs, he said he had noticed a slight pain 
in the place. Radiographs of other bones showed 
no comparable defects elsewhere ; the blood chemis- 
try and the blood-count were normal. The affected 
part of the rib was removed and to all external 
appearances it was normal; but on section it 
con'ained two small solid masses about I cm. in 


‘e 


‘ 


Fic. 172.—Radiograph of section of rib removed from a 
man aged 43 years; the lesion had been picked up on mass 
radiography. The patient was symptomless; the rest of the 
skeleton was onal ; the blood chemistry was also normal. 


rib is an area measuring about 9 <x 6 mm. in which 
the bone has been removed. This contains chronic 
inflammatory tissue composed mainly of histiocytes, 
fibroblasts, and collagen fibres. Amongst the fibres 
are numerous large elliptical clefts which probably 
contained cholesterol crystals. Many of the histio- 
cytes appear foamy and were laden with fat. In the 
centre of this area a small amount of the tissue is 
necrotic and is surrounded by a zone of hemorrhage 
and hyperemia. The whole mass of the inflam- 
matory tissue is surrounded by dense new bone 
which is continuous with the cortex of the rib. 
Beyond the new bone, the marrow cavity contains 
normal red marrow.” (Figs. 173, 174.) 

From this histological description it is arguable 
that the lesions were organizing hematomas of bone, 
and not lipoid granulomas. One point is certain— 
namely, that they are not neoplasms. My own 
reason for disputing the hematoma theory is that in 
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my three cases the radiological changes were pro- 
gressive and not resolving. 

It is apparent that ideas about lipoid granuloma 
of rib are not clear-cut and the following brief 
additional case histories emphasize this point :— 

Mr. Dillwyn Thomas, of Sully Hospital, has told 
me of a young adult whom he was asked to examine 





FIG. 173.—This painting is of the cut surface of a piece of 
rib removed from a middle-aged man who had been under 
observation in the chest department as a contact. Whilst 
under observation a ‘ cystic” space appeared in one rib and 
grew to its present size in a year. It was symptomless, and 
the radiological appearances were identical with those shown 
in Fig. 172. 


because a localized area of his anterior chest had 
become soft and unstable. Radiographs revealed 
that parts of several adjacent ribs were missing and 
at exploration no bone was found in the affected 
area ; a biopsy taken from the exposed end of one of 
the ribs was reported upon as eosinophilic granu- 
loma. Another example was a young woman who 
complained of persistent pain behind the sternum. 
Radiographs showed a mass adjacent to and behind 
the sternum ; there was no bone destruc- 
tion. At thoracotomy the tumour proved 
to be an eosinophilic granuloma attached 
to bone, but no diagnosis was possible 
until the histological section had been 
examined. 

A difficult case was treated at the Brompton 
Hospital between May, 1949, and September, 1953, 
by Sir Clement Price Thomas. The patient was a 
boy aged 17 who first developed pain in his right 
shoulder-blade. Radiographs showed that there 
was “erosion at the back of the eighth rib”. On 
admission all the usual tests were negative but radio- 
graphs revealed similar lesions in the skull and the 
ilium: at first the bone abnormalities progressed 
and pathological glands appeared in the inguinal and 
axillary regions. Numerous biopsies were made at 
various times but a positive diagnosis was never 
achieved. After a long period of clinical deteriora- 
tion, during which he was treated by radiotherapy 
and a course of radio-active phosphorus, the bone 
lesions gradually began to resolve radiologically and, 
four years after his first admission, he was well and 
at work. The differential diagnosis in this case lay 
between eosinophilic granuloma, which was most 
probable histologically, a reticulosis with metastases 
in bone, or Hand-Schiiller-Christian syndrome. 

Myeloma (Figs. 175-177).—Apart from multiple 
myelomatosis which carries a uniformly fatal prog- 
nosis, there is a localized type of this disease in which 
the prognosis is believed to be favourable. Both 
varieties occur in the ribs. The maximum age 
incidence of generalized myelomatosis is 40 and 
upwards and pain is an outstanding symptom. The 
pain increases as the tumours grow. Nephrosis 
(producing Bence-Jones proteins in the urine), 
anzmia, bronchitis, and emphysema are complicating 
factors and few patients live more than two years, 
whatever the treatment. The radiographs show 
lesions confined to the red marrow, in which there 
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is a central destructive process and the histology 
suggests a neoplasm originating in the marrow celj; 

Solitary myeloma of a rib is a rarity. In appear. 
ance the tumour resembles the generalized type, by 





FiG. 174.—The photograph shows a low-power view of the 


lesion. In its middle there is a necrotic zone at the side of 
which is vascular fibrous tissue containing many cholesterol 
crystals. The surround is composed of large foamy cells 
containing lipcids, which accounts for the yellow margin in 
the painting (Fig. 173). Between the lesion and the normal 
rib there is a thi: surround of dense bone. 






Fic. 175.—The patient was a man aged §4 years whose 


lesion was picked up on mass radiography. Serial radiographs 
showed, over a period of 3 months, the lesion was growing. 
The man was well: he had no physical signs, nothing abnormal 
in the blood or the urine, and no other bony anomalies. The 
tumour was removed in July, 1947, and the patient had no 
evidence of recurrence or of generalized lesions in 1953. The 
lesion was described histologically as a myeloid myeloma. 


it differs from it in that cures, after excision, have 
been reported in the literature. The microscopy of 
these single tumours is stated to be identical with 
the generalized form. Hzmothorax, pleural effu- 
sions, and empyema occur as complications. The 
fact that such tumours may simulate chondromas 
means that when doubt exists as to the differential 
diagnosis, the skeleton as a whole must be examined 
and the relevant tests must be done in regard to the 
urine and the blood chemistry. 

I have operated upon one such case. The 
patient was a man, aged 54, whose tumour was 
picked up on mass radiography. It was symptomless 
and involved the ninth rib. The radiograph sug- 
gested a cartilaginous tumour, and at operation this 
was found to be about the size of a walnut and 
growing from the inner aspect of the rib. It hada 
rim of expanded bone and felt solid. The histo- 
logical report was “this is a myeloid myeloma”. 
The operation was done in June, 1947, and the 
patient was well seven years later. 

I have had occasion to look at several radiographs 
of these lesions and the appearances are fairly 
constant. The tumour expands and destroys the 


rib: it is more dense than a fibrous dysplasia and it 











has thr 
pone W 
rib whi 
do not 
examin 





] 
tion 
shor 


and i1 
drom: 
oO 
man 
from 
nosis 
the m 
histol 
lesior 
d’Abi 
remo 
The 
fesso: 
toma 











tology 
’ Cells, 


e, but 





the 


erol 


ells 


mal 


ose 
»hs 
ng. 
nal 


no 
he 


have 
y of 
with 
offu- 
The 
ymas 
ntial 
ined 
. the 


The 
was 
less 
sug- 
this 
and 
ida 
sto- 


” 
. 


the 


phs 
irly 
the 
d it 











has throughout its substance scattered fragments of 
pone which are obviously remnants of the original 
rib which are disintegrating: these bony remnants 
jo not look like trabeculae. The specimens I have 
examined did not contain any pockets of calcification 





Fic. 176.—Radiograph of the specimen removed at opera- 
tion. It is instructive to compare this specimen with that 
shown in Figs. 162 and 170. 


and in this way were unlike the pictures of a chon- 
droma. 

Osteoclastoma.—lI have operated upon a young 
man who presented a symptomless mass growing 
from the posterior part of the sixth rib. The diag- 
nosis was indefinite before operation, and at the time 
the mass resembled a vascular sarcoma of bone. The 
histological report was of osteoclastoma and the 
lesion iy responding well to. radiotherapy. Mr. 
d’Abreu tells me that in 1938 he operated upon and 
removed a similar tumour from a woman aged 42. 
The diagnosis in his case was uncertain until Pro- 
fessor Duguid reported it as a “ typical osteoclas- 


> 


toma ”’. 


DIFFERENTIAL DIAGNOSIS 


The first abnormalities to distinguish from 
tumours of rib are those which occur in the costal 
cartilages and which are often mistaken for chon- 
dromas. I have watched children in out-patients 
who have been brought to me because one or more 
costal cartilages were unduly prominent, and the 
doctor had diagnosed a chondroma. Aberrations of 
contour in the costal cartilages are common ; and if 
you examine the costal cartilages of a newly born 
infant you will be struck by the irregularity of their 
arrangement at this time. But the usual explanation 
of a prominent knuckle of cartilage is, either a 
congenital anomaly of the sternum, or that one of 
the ribs (usually the fourth, fifth, or sixth) has grown 
alittle longer than it should have done, and buckled 
the cartilage. For my part I am not convinced as 
to the existence of Tietze disease. 

Professor Davies, of the anatomy department at 
St. Thomas’s Hospital, has shown me that, in young 
persons, the costal cartilages normally contain large 
islancis of fat ; but I have not heard of anybody who 
has seen a lipoma in this place, though Cowdell has 
rece: tly reported an intra-osseous lipoma which 
grew at the posterior end of the left first rib. 
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If a patient comes to me with a diagnosis of chon- 
droma of a costal cartilage I work on the assumption 
that this condition does not exist. 

Thoracic surgeons are familiar with the range of 
congenital faults which can involve the ribs them- 


177.— Radiograph of a similar specimen removed 
Both 


FIG. 
from a patient who died from multiple myelomatosis. 
histologically and radiologically this specimen appears to be 


the same as that shown in the two previous figures. (This 
specimen is from Professor W. G. Barnard’s collection at St. 
Thomas’s Hospital.) 


selves. These seldom lead to diagnostic difficulties 
and do not present as tumours ; but they can produce 
puzzling radiological appearances, especially if two 
or more ribs are fused together at the top of the 
thorax. 

So many conditions, of widely varied type, can 
simulate the cartilaginous tumours of rib that the 
surgeon cannot always make an accurate pre-operative 
diagnosis. The final, and the acid, test is the histo- 
logical appearances of the ‘ tumour ’ or of the tissues 
removed for biopsy. 
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In all doubtful cases a biopsy is indicated before 
planning what may turn out to be a major surgical 

rocedure ; and I would submit that biopsy should 
be done even though some of the rarer conditions 
might be accelerated in their growth. There are 
two details of technique which are relevant to biopsy 


/ 
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Fic. 178.—This drawing shows the state of the costal carti- 
lages in a newborn infant. Considering the irregularity 
present at this stage it is surprising that more anomalies do 
not occur in adult life. 


in these cases. Most rib lesions are surrounded by 
a ‘ capsule ’ of compressed muscle and fascia which 
may appear to an inexperienced surgeon as the 
relevant abnormal tissue. In my own experience a 
piece of tissue, removed recently from a patient 
suffering from a secondary malignant growth in a 
rib, was taken from the edge of the mass, and reported 
upon as a case of fibrous dysplasia. Tumours of rib 
are pleomorphic in structure and this imposes upon 
the surgeon the necessity for securing as large a 
piece of tissue as possible. 

The main reasons for doing a biopsy are to dis- 
tinguish between certain groups of lesions whose 
treatment may be different. It is valuable to be able 
to separate the cartilaginous tumours (which should 
be excised); fibrous dysplasia, lipoid granulomas, 
etc. (which can sometimes be safely treated conser- 
vatively) ; chronic inflammations, such as actino- 
mycosis, typhoid fever, and Garré’s osteitis ; malig- 
nant diseases of the lung and the pleura; and those 
metastatic growths which produce tumours in the 
chest wall. Unfortunately, having secured a piece 
of tissue for biopsy, one’s troubles are not necessarily 
over because the very cases which puzzle the clinician 


JOURNAL OF 


SURGERY 


often seem to be difficult to diagnose from « histo. 
logical section. 

In their chapter entitled “‘ Rules of Procedure” 
Geschickter and Copeland (1931) state that irradia. 
tion of the lesion, before or after biopsy, has a proved 
protective value against spread. This does not apply 
to the cases we are now considering because in my 
experience radiotherapy has little or no place in the 
treatment of tumours of the ribs, although it may 
delay the progress of sarcomas of the chest wali 
My patients who suffered from sarcoma all died, 
although one little girl lived in indifferent health fo; 
several years after radiotherapy. 

The commonest growths in ribs are secondary 
tumours. These are of two different clinical type, 
The first are those with which we are all familiar— 
namely, the bone replacements, which are generally 
multiple and often lead on to a painful pathological 
fracture. These do not concern us at present 
because the primary tumours are generally known 
and the rib secondaries are not likely to be considered 
as primaries. Those secondaries which present as 
a palpable mass are in a different clinical category ; 
they can attain large size and present as tumour 
fixed to the chest wall. In such the tumour is often 
a solitary secondary and the primary may not be 
suspected. Two varieties occur. In the first the 
mass is a direct extension from a primary carcinoma 
of the bronchus, such as a peripheral tumour growing 
into the precincts of the brachial plexus and des- 
troying one or more ribs en route, or it may be part 
of an ‘endothelioma of the pleura’ bulging out 
between the ribs and becoming palpable upon the 
surface. The diagnosis of the former is obvious, 
and of the second difficult ; it depends upon remem- 
bering that the condition exists, and in doing a pleural 
biopsy in all possible cases. The most obvious 
clinical pointers to ‘ endothelioma of the pleura ’ are 
that it causes continuous pain, and that it simulates, 
not only tumours of rib, but chronic empyema and 
spinal cord lesions which result in paralysis of a 
block of intercostal nerves. Another disease which 
can give rise to a hard lump involving a rib and 
causing continuous pain is actinomycosis of the 
chest wall. 

On rare occasions a small secondary tumour of 
rib can produce a subperiosteal hemorrhage (Figs. 
185, 186). In one such case an old man, suffering 
from a small undetected carcinoma of the bronchus, 
came up complaining of an exquisitely tender mass 
growing ina rib. This mass was fluctuant in places 
and was considered to pulsate like a partially clotted 
aneurysm. On diagnostic aspiration. of the mass 
pure blood was withdrawn on several occasions and 
it was only at autopsy that the subperiosteal hamor- 
rhage, the primary and the secondary tumours were 
found. Even after removing the affected rib and 
cutting the specimen open the differential diagnosis 
was still obscure in this case: some favoured 4 
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diagnosis of myeloma, some an aneurysm, and 2 | 


few the true cause. 


The second variety of palpable metastasis is 


generally derived from the kidney, the adrenal, or 
the thyroid. The primary may be latent and the 
patient presents with a lump of varying size upon 
the chest wall and growing in one or more ribs. 


These secondaries may or may not be painful, but 4 
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hi me are complicated by pathological fractures and and has the appearance of being bruised, and some 

a hemorrhages which account for most of the symp- are notable because pulsation can be felt. The 
dure» toms. ‘They are firm to palpate and they invade the radiographs generally show complete or nearly com- 
— with which they come into contact. The plete destruction of parts of several ribs. In one of 
he mass is often peculiarly discoloured my patients who in fact died of a hypernephroma, 
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—_ Fic. 179.— Clinical photographs of a boy who had a prominent ‘ lump’ in his costal cartilages. He had several other congenital 
1 ee deformities and it was curious that his deformed right hand exactly fitted the depression in the chest wall. 
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laces Fic. 181.—Painting of a specimen removed from the chest 
otted wall of a woman, aged 62 years. She complained of pain in 
the vicinity of the lump which had been present, so she said, 
mass for 10 years. The tumour was removed because 3 years 
; and previously she had had a hysterectomy for carcinoma of the 
uterus, and because the rib itself showed a pone fracture 
mor- at the site of the tumour. Histologically it was a simple 
were 3 neurofibroma. The operation was done 5 years ago and the 
. patient well 2 years later. 


and 


= 5 there was a large pathological gland palpable in the 
nd af axilla, adjacent to the secondary tumour in the rib. 
f Biopsy of this gland proved it to be a typical hyper- 

. nephroma. In another patient, a young man whose 
l. or only complaint was of vague ill health, a large intra- 
he fig aaa eoming, te, viel ype st thoracic mass and a pleural effusion were seen on 
upon er wing between them. There is usually no difficulty about the radiographs ; several ribs were involved and on 
ingnosing these cases clinically; but upon occasion the aspiration the pleural cavity contained 4 pints of 


ribs. ff nour may be very firmly wedged, and difficult to get out : . 
“put | thout taking Ren a slees bg ey - almost pure blood. The primary tumour lay in a 
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kidney. Several of my colleagues have told me that 
they have removed the hypernephroma and the 
metastasis in the chest wall as well. Such metas- 
tases can be solitary and the outlook is not hopeless. 

The cartilaginous tumours do not pulsate ; it is 
possible that rare conditions such as giant-cell tumour 
and hemangioma might do so, though I have found 





FiG. 182.—Radiograph of a specimen taken from a man, 
aged 33 years, who complained of pain in his left chest of 
three months’ duration. He was found to have a pleural 
effusion, but no other physical signs. A biopsy was done, 
but — to be misleading as only fibrous tissue was secured. 
As the diagnosis was in doubt the rib was excised. 


no record of this. Secondary tumours, on the other 
hand, and notably those derived from the kidneys 
or the adrenals, may pulsate, and if an aspiration 
biopsy be performed blood may come forth so that 
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known that multiple neurofibromatosis can : ffect 
intercostal nerves without the usual superficial mo 
festations, and that one or more of the intercoy, 
masses can become malignant and desiroy yj 
adjacent ribs. On the other hand I operated yp’ 
one patient who had obvious Von Recklinghausey 
disease and a painful tumour in the chest wall whig 
I thought had become malignant because a path 
logical fracture of rib was present. At operation 
simple neurofibroma was taken out and no recy. 
rence has appeared in five years. 

In the differential diagnosis of all these conditioy 
the surgeon should have radiographs but should ny 
put too much faith in their interpretation. Th 
difficulty of interpreting the films is to separate ty 
shadows due to the tumours themselves from thoy 
of the surrounding tissues, namely the lung and th 
chest wall. It has been with the idea of getting; 
pure radiological picture of the tumours themselyy 
that I have shown you the films of the specimen 
removed at operation. If the ribs adjacent to th 
tumour can be shown to be normal in architectur, 
the lesion is not derived from bone ; but if the ribs 
are distorted, replaced, or disorganized this dog 
not entitle one to assume a primary tumour of rib. 
The presence of spicules of bone or calcification in 
a mass are seldom of help in differential diagnosis 
or prognosis. Moreover the extent of the tumow 
can only be roughly assessed from the radiographs, 





Fic. 183.—Painting of the specimen described in Fig. 182. 
hypernephroma. 


a diagnosis of aneurysm may be suggested. To 
diagnose an aneurysm of an intercostal artery in such 
circumstances is almost certain to be wrong as this 
condition seems not to occur in practice. 

Neurofibromata (Figs. 180, 181) and ganglion 
neuromata derived from the intercostal nerves and 
the sympathetic chain sometimes become firmly 
wedged between adjacent ribs. In such cases the 
tumour causes smooth depressions in the bones, at 
the points of contact, and distorts the symmetrical 
alinement of the ribs. These changes are well 
recognized in radiographs and do not suggest primary 
tumours of bone. But at operation the mass can 
be so stuck to the ribs that separation is difficult. 
It is my opinion that some, at least, of the cases 
described as parosteal fibromata come into this 
category. If in such a case parts of the adjacent 
ribs are removed with the tumour no harm will have 
been done. 

On two occasions I have operated to remove a 
malignant tumour of the chest wall which had eroded 
ribs, and found that the patient was suffering from 
Von Recklinghausen’s disease. It is not generally 


It proved to be a secondary 


There had been no urinary signs or symptorns. 


and experience shows that a growth is generally 
larger inside the chest than upon the surface. 

Apart from neoplasms, the conditions which can 
simulate primary tumours of rib include Garré’s 
osteitis, actinomycosis, typhoid fever, and syphilitic 
and tuberculous osteitis, as well as fractures healing 
with excess of callus and congenital deformities of 
the ribs or the costal cartilages. A localized calcified 
tuberculous empyema may resemble a chondroma 
upon radiographs. The diagnosis depends upon 4 
biopsy in all doubtful cases. 


GENERAL OBSERVATIONS 


These patients need careful pre-operative investi- 
gation. In many, radiographs of the skeleton 4 
well as of the lungs are desirable, and intravenous 
pyelograms may be helpful. The chemistry of the 


blood and of the urine should be studied. 

As regards the operation itself, the siz: of af 
tumour is not a contra-indication to its removal 
because the relevant ribs can always be removed. 
The operation risks are less in removing small 
tumours than large ones, and for these reasons 
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spiratory function is gradually diminished by large have found that the most effective way of controlling 

ours which encroach progressively upon the lung paradoxical movement immediately after operation 
xd the mediastinum, and although compensation is is to apply a small plaster-of-Paris slat to the area 
ually achieved as long as the lesion grows slowly, and to strap this firmly to the chest. After a few 
ts sudden removal can upset the intrathoracic weeks the patient gets on well without this external 


Fic. 185.—The patient was a man, aged 67 years, who was 
admitted with a very tender lump projecting from the lower 
ribs. He had noticed the lump for 7 months and recently it 
had been getting painful. On examination the lump was 
firm, painful, and hot, and it showed distinct pulsation. On 
aspiration it yielded blood and on this account was thought by 
some to be an aneurysm. The radiographs showed several 
punched-out areas in one of the lower ribs. The mass was 
diagnosed as a secondary in rib because it pulsated and because 
of the X-ray appearances. No primary had been discovered. 


splint. It goes without saying that at the end of 
FiG. 184.—Radiograph of the chest of a man, aged $0 years, the operation the chest must be closed so that air 
who had noticed a hard lump in the left chest 2. ears previously. ° . ar 
This was enlarging and becoming tender. i skin over the cannot get in or out of the pleural cavity, and effusions 
lump was slightly blue: the lump itself was hard and fixed which accumulate must be aspirated effectively. 


to the ribs and in two places pulsation was felt. There was . , ‘ , 
a gland in the left axilla. The axillary gland has been removed In presenting this topic to you it has been my 


and proved to be a hypernephroma. The patient subse- endeavour to make matters simple ; but I doubt if 
quently developed an abdominal mass and died, 4} years after 
his original symptoms. He had had no treatment. 


mechanics and lead to urgent circulatory and respira- 
tory complications. These can be controlled by 
modern anesthetic and post-operative techniques. 
If the mass is adherent to, or invading the lung, the 
affected parts can be taken away in one piece; but 
if the great vessels are encompassed the case is in- 
operable. The inner ends of both clavicles and 
most of the sternum can be removed when necessary 
without serious consequences. When a large tumour 
has been taken away the patient may be embarrassed 
in the post-operative period, because a gap remains 
in the bony framework of the chest. If this gap is 
excessive, and not covered by the scapula, harmful 
paradoxical respiration occurs in the immediate post- 
operative period and respiration can be seriously 
impaired. Defects in the lower ribs are more serious e , _ 

. 1G. 186.—The tumour was excised to confirm the diag- 
than those at the top of the chest. To avoid these nosis and to control the pain. The specimen showed a zone 
complications many different types of reparative —  $f000 See subperiosteal collection of blood. It was believed 
operation have been devised. Some surgeons fashion that the lesion was a vascular metastasis. Some time later the 
struts of bone from the adjacent ribs, others darn the patient died and a small carcinoma of the bronchus was found 
holes with strips of fascia lata or skin, or use sheets ee 
of tantalum gauze sewn tautly to the margins of 
the defect. All these methods can be made effective 
and the problem is not difficult to meet once it has 
pod . gtr to exist. If, in removing a —_ “ Myself when young did eagerly frequent 

ur, a big gap has been created in the overlying Doctor and saint, and heard great argument 
muscls it is often possible to swing other muscles About it and about ; but evermore 
across or to use the breast in a woman. The Came out by the same door as in I went.” 
defor: 1ities which result from wide resections are 
gross out, if the patient survives the post-operative Acknowledgement.—I have had valuable help 
Perio , they need not be crippling. In practice I from Dr. Thomlinson, of the pathology department 


this is possible in the present state of our knowledge, 
and I conclude confessing my ignorance. 
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at St. Thomas’s Hospital; from the department of 
clinical photography ; and from Miss Dewe, whose 
accurate paintings record the specimens removed 
at operation. 
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EXCRETION radiography has until recently proved 
disappointing as a means of studying the patency of 
the bile-ducts. Quite apart from the fact that chole- 
cystography is contra-indicated in cases of obstructive 
jaundice, the amount of medium which is ejected by 
the gall-bladder appears to be so variable that the 
ducts are visualized only occasionally and rarely 
with sufficient clarity to allow one to state whether 
stones are present or not. In fact, the manner in 
which the gall-bladder empties is less well under- 
stood than is generally supposed: the giving of a 
fatty meal, contrary to current teaching, has proved 
an unreliable test of contractility (Scott Park, 1953). 
Admittedly the latest cholecystopaques hold out the 
promise of showing up the ducts more consistently 
and with better definition, but for the present we 
are mostly dependent on contrast radiography for 
studying the major biliary passages. 


OUTLINE OF STUDIES 


Methods and material. 

Normal cholangiogram. 

Disorders of the sphincter of Oddi. 
Pancreatic reflux. 

Morphine studies. 

. Overlooked stones and their management. 
. Pancreatic lesions. 

Artefacts. 

Untoward effects. 


1. METHODS AND MATERIAL 


1. Delayed Cholangiography.—This is best 
performed between the eighth and tenth post- 
operative day—that is to say, just before the time 
for removing the tube draining the common bile- 
duct or gall-bladder. Properly done, it causes no 
upset to the patient. The accepted technique is 
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described by Bockus (1946) and Buckstein (1948). 
This procedure was adopted in all but four of my 
patients. 

2. Immediate or Operative Cholangio- 
graphy.—Given the time and facilities this method 
is a more certain assurance against an overlooked 
stone. The technique employed will depend on 
the exigencies of the operation and to a certain 
extent on the type of contrast medium employed. 
The latter may be injected either through the cystic 
duct using a urethral catheter or directly into the 
common bile-duct. The disadvantage of the latter 

























is the tendency for leakage of bile to occur from the Fic. 
puncture hole. Four cases were investigated by 
this method. 
Other methods may be mentioned such as pre- aaa 
operative cholangiography, whereby the opaque medium § . 
is introduced directly into the gall-bladder with the aid Cone 
of a peritoneoscope. It has been carried out on a small point 
scale apparently with success and without mishap (Lee, § “4s 
1942; Royer and Solari, 1947). An easier method has and b 
recently been described by Nurick, Patey, and Whiteside J or as: 
(1953) which entails first tapping percutancously 2 § left a 
dilated bile-duct within the liver with a long needle T 
and then injecting the medium. If the patient is )aUD- § aston 
diced a preliminary course of vitamin K is imperative. verse 
Lastly, the biliary tract may be visualized via an external my 
biliary fistula as in Fig. 194. al 
Two opaque media were employed in_ the § the d 
present investigation—‘ Neo-Hydriol Fluid’ (May § ward 
& Baker Ltd.) and ‘ Pyelosil 70’ (Glaxo Labora- T 
tories Ltd.). able. 
The total number of patients investigated was § ad 
56. The disorder for which they sought treatment § Stanc 
was primarily biliary in 48 and primarily pancreatic the | 
in 8. The biliary group included cases of chromic § majo 
cholecystitis with stones, acute cholecystitis, stones and 
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‘Biie-duct, and one instance of duct tumour. 


STUDIES 


, the common duct, 2 of stricture of the common 
In the 
nancreatic group the following conditions were repre- 
nted: acute hemorrhagic pancreatitis, subacute 
ancreatitis, and a case of annular pancreas causing 
senosis of the common bile-duct. 


2. NORMAL CHOLANGIOGRAM 


Five different duct patterns were recognized. 
In by far the largest group the common hepatic 
and bile-ducts described a curve with the concavity 
fcing to the patient’s right side, some taking an 


Fic. 187.—Normal biliary pattern with partial filling of the 
main pancreatic duct. 


easier sweep than others (Figs. 187, 188). The 
second most common type was that in which the 
common duct was angulated presumably at the 
point where it passes behind or through the pan- 
creas (Fig. 193). Im others the common hepatic 
and bile-ducts followed a more or less vertical course 
or assumed a zig-zag form or sloped from right to 
left at an angle just short of the horizontal (Fig. 197). 
The extra-hepatic biliary system was found to 
extend in the large majority of cases from the trans- 
verse processes of the 11th and 12th thoracic verte- 
bre to the levels of the transverse processes of the 
2nd or 3rd lumbar vertebre. In the lateral view 
the duct usually starts anteriorly and inclines down- 
wards and backwards on its way to the duodenum. 
This account of the normal findings is compar- 
able in most respects to that given by Hicken, Coray, 
aid Franz (1949), who incidentally criticize the 
standar i text-books of anatomy for failing to stress 
the lac: of uniformity in the morphology of the 
major ‘iliary passages. Sterling, Friedman, Ravel, 
aid S lis-Cohen (1949) ignore the less common 
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anatomical variations and refer only to the com- 
moner curved form. The knowledge of the course 
taken by the main bile-ducts is of some advantage 
in the treatment of benign strictures. The gap left 
after excision of such a stricture is generally too 
wide for an end-to-end approximation. A means of 
gaining extra strength, which has been advised by 
Cattell (1947), is to reflect the second part of the 
duodenum to the left and dissect out the retro- 
pancreatic portion of the common bile-duct. Such 
an attempt to straighten out the curvature, as it 
were, may be worthwhile in the case illustrated by 
Fig. 194 but not in cases where the common duct 
follows a nearly straight course. 

Rhythmic contractions passing down the com- 
mon hepatic and bile-ducts have been described by 
Overholt (1931) and Mirizzi (1942). Macdonald 
(1941) noted evidence of muscular contractions to- 
wards the duodenal end of the common duct. Like 
Hulten (1938) and Royer and Solari (1947), I have 


Fic. 188.—Showing cystic duct passing across and entering 
the main bile-duct from the left. 


been unable to detect peristaltic activity. It must 
be stated that Macdonald administered morphine 
prior to making his observations, and this drug may 
well have been responsible for the spasticity noted 
by him. None of my cholangiograms gave evidence 
of a constriction at the distal end of the common 
hepatic duct, such as has been noted by Mirizzi 
(1940) and interpreted as being due to a special 
sphincter at that level. One may add that Gordon- 
Taylor (1942) found no circular arrangement of 
muscle-fibres in the hepatic duct in dissections of 
either adult or foetal material. 

The extent to which the intrahepatic ducts and 
their finer radicles are visualized depends of course 
on the amount of contrast medium employed, its 
fluidity, and also the force with which it is introduced. 
Quite apart from the presence of constrictive or 
obstructive lesions, overaction of the sphincter 
mechanism in control of the bile flow will also play 
a part in determining the amount of reflux of the 
medium. Indeed morphine, by virtue of its stimu- 
lant action on the sphincter choledochus, has been 
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recommended as a means of retaining the medium 


Another 
method is to place the patientin the Trendelenburg 
These aids are rarely 


in the common ducts (Macdonald, 1944). 


position (Macdonald, 1944). 


required. A point to be borne in mind is that 
defective filling of the ducts in one or more segments 
of the liver may be due to pathological changes in 
these ducts or to space-occupying lesions (Rudstrém, 
1944; Viaggio, 1945). 

The cystic duct presents a tortuous outline varying 
in length, width, or direction. In 3 instances it 
crossed the common hepatic duct either in front or 
behind, entering from the left side (see Fig. 188) 
while in another, it seemed to join anteriorly or 
posteriorly (Fig. 190). 


3. DISORDERS OF THE SPHINCTER OF 
ODDI 


Chronic, so-called sclerosing, odditis described 
by South American authors such as Mirizzi (1942), 
Moreno (1950), Urrutia and Lavezzo (1951), and by 
McNeill Love (1952) in this country, was not a 
feature of the present series. This condition may 
be a sequel to prolonged spasm or post-inflammatory 
and tends to narrow the lumen of the terminal seg- 
ment of the common duct or the papillary area. 
Figs. 189, 190 are examples of a transitory spasm. 
To detect finer degrees of increased resistance 
demands an experienced and hypercritical eye, but 
one hazards the opinion that the occurrence of 
marked filling of the intrahepatic radicles, despite the 
passage of some medium into the duodenum, sug- 
gests an overcompetent sphincter and possibly sore 
papillary stenosis of which Fig. 191 may be an 
example. 


JOURNAL OF 


Fic. 189.—Transient spontaneous spasm of the sphincter 
of Oddi. 
B, After. 
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4- PANCREATIC REFLUX 

The main pancreatic duct was visualized in 7 oy 

of the 50 cases studied, making an incidence of 14 
per cent. The findings of others are given in Tj 
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Note reflux into the pancreatic duct. A, Before ; 





I. In this collective study of 1,521 cases, the incid- 
ence of pancreatic reflux was 33:5 per cent. Leven 
rightly points out that this is not a constant feature 
in any given individual. The ascribable causes of 





Table I.—INCIDENCE OF VISUALIZATION OF 
PANCREATIC DUCT DURING 
CHOLANGIOGRAPHY 
(after Ivy and Gibbs, 1952) 




















NUMBER OF NUMBER PERCENTAGE 
AUTHOR STUDIES VISUALIZED VISUALIZED 

Colp and Doubilet 

(1938) 35 7 20 
Hjorth (1947) 430 202 47 
Howell and Bergh 

(1950) 65 27 41°§ 
Hulten (1939) 110 26 23°5 
Hunt, Hicken, and 

Best (1937) 56 5 9 
Leven (1938) 9! 21 23 
Liedberg (1941) 53 22 41°5 
Millbourn (1950) 181 72 40 
Robins and Her- 

manson (1936) 25 4 
Rudstrom (1944) 329 110 4 
Stenstrom (1940) ‘oe 4 
Sterling and others 

(1949) 41 4 9°7 
Wapshaw 56 10 17°8 
Totals 1§24 S14 3 














regurgitation in his series were stones, stricture, of 
spasm at the termination of the common bile-duct. 
Mirizzi (1942) and Moreno (1950) believe tat 4 
rapid reflux into the duct of Wirsung is an indi: ation 
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f overaction or fibrosis of the sphincter of Oddi. 
kuch an explanation involves three suppositions : 
1) that the common bile-duct and duct of Wirsung 
se convertible into one channel; (2) that the 
















A . 


FiG. 190.—From a case of acute hemorrhagic pancreatic necrosis. 


along with duct of Wirsung. 


sphincter of Oddi is situated distal to the point of 
fusion of the bile and pancreatic ducts; and (3) 
that the secretory pressure in the pancreatic duct 
is lower than that of the bile-pressure at the time 
when the medium enters the pancreatic duct. 

As shown in Table I, the conversion of the two 
channels into one conduit is an anatomical possibility 
in approximately a third of a given large series of 
cholangiograms. This is in accord with the ana- 
tomical finding of Rienhoff and Pickrell (1945) that 
atrue ampulla varying in length from 3 mm. to 14 
mm. existed in 32 per cent of 250 specimens taken 
from adult humans. Less is known of the arrange- 
ment of the muscle-fibres surrounding the pars 
intestinalis of the bile and pancreatic ducts, popularly 
designated as the sphincter of Oddi, than current 
references lead one to believe, and to do full justice 
to the question requires more space than the present 
study warrants. Thus, Schwegler and Boyden 
(1937) have described the complex arrangement of 
muscle-fibres which is separable into definite groups 
and for which they have coined a special nomen- 
clatuure. They hold, mainly on the basis of their 
embry ological studies, that this sphincter mechanism 
develns and remains as a separate entity from the 


primi ive mesenchyme. These authors also seem to 
conce itrate their attention more on the annular 
fascic ili than the longitudinally arranged fibres. 
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‘ 


The most important component of this “ intricate 
web,” as Gordon-Taylor puts it, is believed to be 
that which surrounds the pre-ampullary segment of 
the common bile-duct. Dardinski (1935), Gordon- 
Taylor (1942), and Kirk (1944) on the other hand, 
are of the view that the independent muscle-fibres 
described by Oddi as responsible for sphincteric 
action are longitudinal or oblique, not circular, and 
that they can be traced in continuity with the circular 
fibres of the duodenal wall. Their explanation is 
that the duct pierces the outer wall of the duodenum 
and carries in some of its circular muscle-fibres, 


A, The whole of the biliary system is well outlined 
In B spasm of the sphincter has occurred, occluding the terminal segment of the common 
bile-duct but leaving the twod duct systems in continuity. 









ic pancreatic 
The duct of Wirsung is outlined t roughout its 
extent and the accessory duct of Santorini is also visible. 


FiG. 191.—From a case of acute hemorrh: 
necrosis. 
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which become arranged in a longitudinal or oblique 
fashion. Moreover, they could not find any annular 
fibres in the submucosa of the major duodenal 
papilla, which Schwegler and Boyden have described 
and termed the ‘ sphincter ampulle’. It is evident 
that in cases in which the sphincter of Oddi is the 
factor which directs the medium from the biliary 





A B 


Fic. 192.—The effects of morphine, which lasted in this case 45 minutes. 


A, Before morphine ; B, After morphine. 


into the pancreatic duct system, the junction of the 
two must take place proximal to the duodenal wall, 
after the manner illustrated by Fig. 190. This, 
however, occurs in only 2 per cent of normal indi- 
viduals (Rienhoff and Pickrell, 1945). 

Regarding the question of the interplay of bile 
and pancreatic secretion, Colp and Doubilet (1938) 
observed that oniy the terminal part of the main 
pancreatic duct is filled (e.g., Fig. 187) and suggested 
that this is due to the secretory pressure of the 
pancreas being greater than the resistance of the 
sphincter of Oddi. One might infer that the excel- 
lent ductogram seen in Fig. 191 was due to failure 
of the pancreas to recover its secretory activity 
following an attack of acute hemorrhagic necrosis 
by the time the cholangiogram was taken. 

The possible significance of reflux as a factor in 
the production of acute pancreatitis has been discussed 
elsewhere by the author (Wapshaw, 1955). Dragstedt, 
Haymond, and Ellis (1934) have appositely remarked 
that all statistical studies of anatomical relations 
between the biliary and pancreatic duct systems, 
have been made on normal persons or cadavers, 
while little is known concerning patients with acute 
pancreatitis. The same criticism holds for most 
of the radiographic studies. An opportunity for 
comparisons is provided by the present study. The 
incidence of reflux among my 7 cases with acute 
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pancreatitis was 3 (42:8 per cent) and amon: the gm 
cases with biliary disease 7 (14-5 per cent). 


5- MORPHINE STUDIES 


A deliberate attempt was made to divert th 
injected medium into the pancreatic ducts with th 
help of morphine, acting on the assumption that i 
induces a selective spasm of the sphincte 
of Oddi. The series comprised 23 sy}. 
jects, on all but two of whom chok. 
cystectomy had recently been performe; 
and T-tubes placed in the common bil. 
duct. The other two had had the; 
gall-bladders drained. Because of jt 
rapid action, even when given sub. 
cutaneously, morphine hydrochloride wa 
administered in gr. } doses in th 
radiological department. In some it wa 
given before the introduction of radio. 
opaque medium and in others immediate. 
ly afterwards. 

Considering first the effects on the 
bile-flow, it was noteworthy that thos 
who responded to morphine did so within 
five minutes of its administration. The 
drug produced no visible effect in 5 of 
the 23 subjects. In the remaining 18 
(78-3 per cent) the terminal part of the 
common bile-duct was compressed t 
such a degree as to resist the flow into the 
duodenum of the medium regardless of 
the amount of pressure with which the 
latter was introduced. The hold-up lasted 
for periods varying from 4 minutes to 
over 2 hours. The findings are grouped 
arbitrarily in Table II. Radiologically 
a positive response took the form of 
a blunting of the termination of the 
common duct which normally tapers to 
a point. This effect did not seem to differ in any 
way from that of a contraction of the sphincter 
mechanism initiated by a physiological stimulus (Fig. 
192). The introduction of more medium merely 
resulted in outlining more and more of the intr- 
hepatic radicles or in a leak into the tissues around 





















































the opening of the duct (Fig. 193). For obvious § this 
Table II.—EFFECTS OF MORPHINE ON THE BILE-FLOW re 
1 of Hold-up Number of Cases cau: 

4-6 min. ; frec 

20-25 min. 3 bov 

30-35 min. 3 ters 

See : an¢ 

ma 

reasons the interruption in the flow of bile lasts} to 
longer in cases with intact gall-bladder, the longest § del 
period recorded being 4 hours (King, Comfort, and wh 
Osterberg, 1944). In only 1 of the 18 cases which wh 
responded to morphine could it be said that this He 
drug was responsible for pancreatic reflux. As Mi du 
those in which reflux had occurred prior to if} ey 
administration, the transduodenal segments of each ba 
duct were compressed, thus dissociating the one co 
from the other (Fig. 193). » tu 
The findings neither supported nor gave a reason} gr 

to doubt the concept that morphine acts indepencent- to 
ly on the sphincter of Oddi. The earlier observers} de 
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: the Reach, 1914; Kitakoji, 1930; Lwueth, 1931; 6. OVERLOOKED STONES AND THEIR 
McGowan, Butsch, and Walters, 1936; Colp and MANAGEMENT 
Doubilet, 1938) interpreted their observations on Buckstein (1948) takes the following as his diag- 







this basis and many recent references also agree nostic radiographic criteria of a stone: (1) a small 
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FiG. 193.—The effect of morphine. Note re- 
flux into pancreatic duct. A, Before morphine ; 
B, After morphine. The bulbous shadow indicates 






















lasted A leakage of medium into the periductal tissues. 
ites to 

ouped § with this. It is noteworthy, however, that in 1938 

gically § McGowan, Knepper, Walters, and Snell reported 
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ers to 
n any 
incter 


that morphine had the effect of increasing the intra- 
duodenal pressure and attributed this to increase in 
the tone of its second portion. Thus, they were 
forced to admit the possibility that morphine may 
act both on the duodenal musculature and on the 





























: (Fig. # sphincter mechanism. The drawback, of course, 
nerely # to utilizing cholangiography as a means of study is 
intra- § that it pin-points the attention, as it were, to the 
round § exclusion of the more widespread visceral effects of 
vious § this remarkable drug. By resorting to barium- 
— meal examinations and placing balloons at different 
levels in the alimentary tract, it has been shown to 
cause an increase in the tone, and increase in the 
frequency of contractions of the small and large . 
bowel and spasm of the pyloric and ileocecal sphinc- 
ters (Plant and Miller, 1928; Yonkman, Herbert, 
and Singh, 1936 ; Krueger, 1937 ; Rowlands, Chap- 
man, Taylor, and Jones, 1950). In work designated 
lasts F to show how pancreatic reflux can be produced 
ngest § deliberately, Doubilet (1947) attempted to recognize 
» and § when the sphincter of Oddi was acting by itself and 
vhich § when in association with the duodenal musculature. 
this} He tried some morphine and others with intra- 
\s IN} duodenal injections of hydrochloric acid. Positive is 
o its a , 1G. 194.— Benign stricture of the common duct following 
evidence of the formation of a common channel was cholecystectomy with an associated external biliary fistula. 
each basec on the findings of pancreatic enzymes in high The contrast substance has been injected through a fine catheter 
one . “ - ; ° into the fistula which crosses the common bile-duct and ends 
* concentration in the bile recovered from a drainage- in the common hepatic duct proximal to structure. 
) tube ‘ying in the commen duct and also on the radio- 
‘ason |} grap"ic evidence of an outlined duct. As he had rounded translucent area completely surrounded by 
ient-} to .dmit, however, his observations frequently medium, (2) if large and firmly lodged near the 
rvets dep: aded on a “ fortuitous conjunction of events”. | duodenum, an inverted cup-shaped defect, (3) if 
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adherent to one wall, a sharply outlined defect in the non-opaque caiculi was found at the lower part 
contour of the duct. All three points are illustrated the common bile-duct in one of the latter (Fig, 195). 
in the cholangiograms exhibited here. unfortunately the T-tube had been removed befop 
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Fic. 195.—There are three small radiotranslucent stones at the Fic. 196.—Showing a large oval-shaped stone of low radio- 
lower end of the common bile-duct. graphic density lying at the distal end of the common bile-duct. 







the films came to hand, but there was the comforting 
fact that they were of such a size as might pass 








































spontaneously. The other case was an aged woman Mtwice 
with minimal disease of the gall-bladder, on whom it J proved 
was decided to carry out only cholecystostomy : after J native, 
the gall-bladder had been cleared of stones, one was 5}; gr 
discovered lodged in the cystic duct, which was & spasm 
coaxed back into the gall-bladder-and removed, the @ for thr 
operation then being terminated. Yet Fig. 197 § receiv 
shows yet another, apparently a mixed faceted stone, § 1 oz. « 
lying in the common bile-duct and taking up different J the cc 
positions. In the third case (Fig. 196) the stone § the T- 
was unusually large. saline 
Any discussion on the part which cholangio- § each i: 
graphy plays in the detection of biliary calculi must Buin ; 
include the wider issue of the management of gall- ff same ; 
stones, and particularly those left in the common § bile-s; 
bile-duct. Up till 1926 Lahey (1932, 1938) explored § methe 
the bile-ducts in only 15 per cent of his cholecyst- § stone. 
ectomies and found stones in 8-4 per cent. Over § stones 
the succeeding ten years he stepped up the pet- B still r 
formance of dochotomy to a third and in some years § graph 
a half of his total per annum and found stones I § form 
from 13 to 21 per cent of cases depending on the § clamp 
Fic. 197.—This cholangiogram was achieved through a year. He asserted that many actually originate 0 § of the 
cholecystostomy tube. The common bile-duct is trans- . : : . f 
versely disposed and contains a small cholesterol stone. the ducts, which is an added argument in favour 0 Si 
a greater readiness to carry the search into them. B the s 
Stones were demonstrable in 5 patients. In 2 Even instrumental exploration does not, howevet, § used 
they were found at operation by immediate afford complete assurance. Out of a series of 100 § so bit 
cholangiography and removed. The stones were cases, reported by Hicken, McAllister, Franz, and f to be 
overlooked in 3 others. A group of three small Crowder (1950) in which stones were actually B passe 
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emoved from the common duct, there were 12 who 
): rill harboured stones after the operation. These 
thors also refute the belief that spontaneous 
josure of an external sinus after operation is adequate 
spoof that the common duct is rid of stones ; they 
yote as evidence 35 patients who were proved to 
have residual stones although their sinuses closed. 
,ccordingly, by carrying out cholangiography more 
often, the incidence of missing stones might con- 
eivably be reduced. 

Attempts to dissolve calculi by the instillation of 
ther via an indwelling catheter have been made by 
Walker (1891), Pribram (1932, 1935, 1939). Since 
ether evaporates rapidly at body temperature and if 
introduced in large quantities would cause a con- 
siderable increase in the intrabiliary pressure, 
Pribram recommended that it should be introduced 
in small quantities, three times a day, ranging from 
afew drops to 1 ml., depending on the patient’s 
reactions. The use of a lubricant in the form of 
liquid paraffin is also advised, and, if tolerated, the 
tube clamped. Walters and Wessen (1937) con- 
sidered that they were unable to introduce enough 
ether at one time. They found that a mixture of 
one part ethyl alcohol to two parts ethyl ether under- 
went less rapid evaporation, with the result that as 
much as § ml. could be introduced at atime. Fur- 
ther, they were able to apply a clamp to the tube 
immediately afterwards and if any distress occurred 
this was controlled by means of inhalations of amyl 
nitrite which has the effect of relaxing the sphincter 
of Oddi. According to the report of their case, the 
stone in the common duct became fragmented and 
was completely expelled into the duodenum. Toxic 
efiects and damage to mucosal lining and hepatic 
cells were reported in dogs by Probstein and Eckert 
1937); Raffl (1941), on the other hand, found that 
the biliary mucosa stood up well to 3 ml. injected 
twice daily. The results of ether injections have 
proved, on the whole, disappointing. As an alter- 
native, Hicken and others (1950) advised that a 
iy gt. tablet of glyceryl trinitrate because of its 
spasmolytic property be placed under the tongue 
for three successive days. Each morning the patient 
receives 2 drachms of magnesium sulphate and also 
102. of olive oil per month. They also suggest that 
the common bile-duct be gently irrigated through 
the T-tube, catheter, or fistula, with warm normal 
saline and 10-30 ml. of warm sterile oil. After 
each instillation the rubber tube is clamped to main- 
lam an increase in the intraduct pressure. The 
same effect was achieved by means of three tablets of 
bile-salt preparation given four times a day. This 
method is only applicable of course to the passable 
stone. The resort to attempts to break up larger 
stones with ether is worthy of a trial, because if they 
still remain unaltered, as shown by contrast radio- 
graphy, or if the patient’s symptoms recur in the 
form of jaundice or pain after the drainage-tube is 
clamped, the only alternative is to repeat exploration 
of the biliary tract. 

Success attended the author’s efforts to get rid of 
the stone illustrated in Fig. 197. Ether was first 
used in small quantities, but the patient complained 
80 bitterly of abdominal pain that the procedure had 
lo be abandoned, and it is doubtful if the ether 
passed beyond the gall-bladder. Next, the patient 
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was put on a course of glyceryl trinitrate tablets gr. 
zoo three times a day, and in addition 20 c.c. warm 
olive oil were introduced once daily. This was done 
in the hope that the relaxant effect of the one and 
the lubricant action of the other would assist the 
stone to pass. This regimen was continued for 
three days, and achieved the desired result, as shown 
by subsequent radiography. 


7. PANCREATIC LESIONS 


None of the 7 cases of acute and subacute pan- 
creatitis showed any overt evidence of compression 
of the lower end of the common bile-duct, such as 
has been described by Walters and Thiessen (1934) 
in these conditions. There were no instances of 
chronic stenosing pancreatitis, or the head of the 
pancreas, in my series. There was cholangiographic 
evidence, however, of marked stenosis in the case of 
annular pancreas. Also a well delineated papilloma 
of common bile-duct was observed in one case. 


8. ARTEFACTS 


Irregular filling of the ducts with radio-opaque 
substance must be regarded as the chief source of 
difficulty when interpreting choledochograms. This 
may be due either to the presence of air-bubbles or a 
medium of high viscosity which fails to mix with 
such bile as may be present, or an inadequate amount 
of the medium. Pieces of blood-clot, inspissated 
bile, fibrin, or other organic debris not infrequently 
occur and some care must be exercised in differ- 
entiating between these and genuine stones. These 
and air-bubbles may be removed by a perfusion of 
normal saline (Hicken and others, 1950; Clute and 
Lawrence, 1942). If air is trapped serial films will 
show that it seeks the highest point irrespective of 
the position of the patient. The drainage-tube is 
apt to get in the way or become blocked at one or 
other end. Confusing appearances can also be 
presented by an unusually long segment of the 
cystic duct, or may be an extravasation into the 
tissues beyond the duct or even the presence of 
medium in the folds of the duodenum. 


9g. UNTOWARD EFFECTS 


A few reported instances have implicated either 
the liver or the pancreas. 

Liver.—A case of ascending cholangitis following 
the introduction of hippuran via the cystic duct is 
reported by Martensson (1946). According to his 
experimental data, the cholangitis is due to a com- 
bination of the injurious effects of osmosis and 
chemical toxicity on the bile-ducts and the propul- 
sion of coliform organisms into the finer intrahepatic 
bile-duct. The danger of forcible injections, especi- 
ally in the presence of a distal obstruction, are 
stressed by Rigler and Mixer (1945). They pro- 
duced evidence to show that under certain conditions 
the medium may find its way into the general circu- 
lation. Ina series of 460 cholangiographic examina- 
tions they observed 8 cases in which the renal pelves 
were clearly outlined by the medium used (diodrast) 
5-30 minutes after it was injected into the common 
bile-duct, which in all instances was partially or 
completely obstructed at its lower end by a calculus. 
This was not observed in any of my cases. 
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Pancreas.—Liedberg (1941) observed an ab- 
normal rise in the urinary diastatic index in 8 (16 
per cent) out of 50 cases. Raised serum enzyme 
levels were present in 27 (41 per cent) of the 50 cases 
reported by Howell and Bergh (1950) : the pancreatic 
duct was visualized in 25 of these 27, a correlation 
which strongly suggests that the biochemical findings 
are an indication, unsupported though they may be 
by clinical evidence, of a degree of pancreatic irrita- 
tion. Acute pancreatitis is alleged to have followed 
cholangiography on at least two occasions. In the 
case reported by Gaillard (1950) the diagnosis was 
based on the clinical findings. The patient collapsed 
with severe upper abdominal pain and sickness ; 
recovery occurred, however, after supportive mea- 
sures. The cholangiogram in this case showed 
filling of the duct of Wirsung and also the duct of 
Santorini. The other case was reported by Zech 
(1949), who produced biochemical evidence of 
raised enzymes in the blood. This case recovered, 
too, and the cholangiogram showed a well-filled duct 
of Wirsung. 

In the writer’s series there was one patient 
who reacted badly during the investigation. He 
developed severe epigastric pain soon after neo- 
hydriol viscous was injected and showed signs of 
collapse. Recovery followed intensive sedative and 
intravenous infusion therapy. Strangely enough 
this happened in a case of acute pancreatitis, in 
which cholecystostomy had been performed. Refer- 
ence to Fig. 190 will show reflux of contrast medium 
into the pancreatic duct. It is my impression that 


the severe reaction was due to overfilling of the gall- 
bladder, and not an indication of pancreatic embar- 


rassment due to the medium. The patient recovered 
and has remained well since. 

Untoward effects are exceptional occurrences. 
Mirizzi (1942), using lipiodol, reported 800 cases 
without complication, and in none of the other 
authors referred to in the foregoing sections is any 
mention made of recognizable injuries to the bile- 
ducts or related parts. It seems clear, however, 
that compounds of iodine which contain hippuric 
acid should not be employed as a cholangiographic 
medium. The other object-lessons are: (1) that 
forceful injection is to be avoided, especially in the 
presence of a distal obstruction ; and (2) that chol- 
angiography in the presence of an established infec- 
tion of the biliary tract is also fraught with danger, 
which at the worst takes the form of cholangitis and 
possibly bacterizmia. 


SUMMARY 


At the present contrast radiography is essential 
for good visualization of the biliary tract. Of the 
methods available, the delayed and immediate forms 
of cholangiography were chosen for the present 
studies, and the former for the most part. The 
contrast medium preferred was ‘ Neohydriol ’ Fluid. 

Fifty-six patients were studied, 48 having pri- 
marily biliary disorders and 8 primarily pancreatic 
disorders. 

Reflux of the medium into the duct of Wirsung 
took place in 10 (17°8 per cent) of the total series. 
Generally, only the terminal few centimetres are 
visualized owing presumably to the counter-effect of 
the pancreatic secretion. 
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The biliary side-effects of morphine are studie 
in 23 patients. It had no effect in § : in the re:ainde, 
a hold-up occurred at the pars intestinalis for periog; 
lasting from 4 minutes to 2 hours. If the pancreatic 
ducts happened to be filled as well and the point of 
confluence lay within the duodenal wall, the effect of 
the morphine-induced spasm was to dissociate th 
two duct systems. It was impossible to state whethe 
or not morphine exerts a selective action on the 
sphincter of Oddi. The more likely probability js 
that the duodenal muscularis is also thrown into 
spasm. Instances of spontaneous muscular spasm 
indistinguishable from that seen in the morphinized 
series were noted. 

Reference was made to the problem of stones jp 
the common hepatic and bile-ducts and a case pre. 
sented exemplifying the non-surgical managemen 
of same. 

The pancreatic and liver complications are dis- 
cussed, the only mishap in the present series being 
due to overdistension of the gall-bladder. The 
patient made a good recovery. 
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A RE-EXAMINATION OF CERTAIN ASPECTS OF THE 
HISTOGENESIS OF THE 
HEALING OF CUTANEOUS WOUNDS* 


A PRELIMINARY REPORT 


By THEODORE GILLMAN, JACK PENN, DORIS BRONKS, and MARIE ROUX 
With the Technical Assistance of PHYLLIS BILBROUGH, PATRICIA R. LOW, and 


ADELE 


In a previous publication, devoted to a study of the 
healing of thin split skin-graft (Thiersch) donor sites, 
untreated, or to which various types of skin-grafts 
were applied, we accepted the generally held views 
about the connective tissue and epithelial changes 
during the healing process. However, even at that 
time, we were led, from a careful examination of our 
microscopical material, to suspect that certain aspects 
of currently held views were incorrect and required 
careful re-examination. The findings, reported in 
our original study (Gillman, Penn, Bronks, and Roux, 
1953), indicated that a thorough understanding of 
epithelial-connective-tissue relations during the 
healing of various types of wounds might not only 
provide a more sensible rationale for the therapy of 
various types of wounds but might also suggest new 
approaches to the investigation of the pathogenesis 
of those neoplasms which supervene in relation to 
scars and chronic ulcers, in the skin and in various 
viscera (e.g., stomach, cervix uteri). 

With these objectives in view, we undertook a 
systematic and careful re-analysis of the macro- 
scopical and microscopical aspects of the healing of 
various types of cutaneous wounds inflicted experi- 
mentally in man and in laboratory animals. This 
study is still in progress. The present preliminary 
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report is intended to provide a brief critical analysis 
of current views on wound healing in man, based on 
results gleaned from the past four years of study by 
our group. 


TYPES OF CUTANEOUS WOUNDS 


Wounds, in any tissue, may broadly be defined 
as an interruption in tissue continuity. Such inter- 
ruptions may occur: (a) without tissue loss (‘ incised 
wounds ”), or (6) with tissue loss (* excised wounds ’). 
The histogenesis of healing, the time taken for com- 
plete repair, and the ultimate outcome of healing 
processes in both these ‘types’ of wounds, will be 
determined not only by the aetiological agent 
(mechanical injury, burns due to thermal, roentgen, 
ultra-violet, and other types of radiation and physical 
or chemical agents) but also by the depth of the 
wound. In the case of interruption in tissue 
continuity without tissue loss (incised wounds), the 
deeper the wound the greater the number of tissues 
involved in repair and also the greater the chance 
of permanent linear or punctate scars. If such 
‘incised wounds’ are so deep as to require sutur- 
ing, then the histogenesis of healing, as will be 
shown below, is affected by the reactions of various 
cutaneous tissues to the suture as well as to the 
injury itself. 

In the case of cutaneous wounds associated with 
tissue loss (i.e., excised wounds), the histogenesis 
and ultimate outcome of the healing process will 
again be influenced primarily by the depth of the 
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injury, but also, in part, by the extent (area) of 
tissue loss. In such wounds, however, the altera- 
tions in the healing process with increasing depth 
and extent of tissue loss, are also due to the progres- 
sive diminution, with increasing wound depth, of 
those skin appendages, comprised of modified 
epidermis (sweat-glands, hair follicles, sebaceous 
glands) capable of contributing actively towards the 
replacement of surface epithelium. 

Apart from the reference to the effects of sutures 
(about which more will be said below), the above 
statements will probably be widely accepted. There 
is already considerable evidence available in the 
literature to substantiate various opinions, expressed 
in pathology text-books, about the manner in which 
both incised and excised wounds heal. However, 
from our own studies, we have now reached the view 
that, while much of the information recorded in the 
literature is correct, the generally accepted statements 
on the micro-anatomy of healing are defective. This 
is due largely to the fact that previous investigators 
have failed to take biopsies from their experimental 
subjects, either soon enough after the infliction of the 
injury, or for a period long enough after the initiation 
of healing. These defects in previously reported 
analyses of the healing process, coupled with an 
inadequate appreciatior. of the original structure of 
the skin field investigated, have resulted in an 
inadequate understanding of the essentials of the 
early phases of repair, for incorrect statements 
concerning the time at which the healing process 
is complete, as well as for the inaccuracies in state- 
ments about the ultimate appearance of healed 
wounds of various types. Examples of such in- 
accuracies will be quoted below. 

In order to define more precisely the inadequacies 
of previous publications on this subject, we intend 
below to review briefly the presently accepted views 
on the healing of incised and excised wounds and 
to compare these with the results of our own investi- 
gations, both verbally and with the aid of diagrams. 


THE HEALING OF INCISED WOUNDS 


Current views on the pathogenesis of the un- 
complicated healing of sterile surgical incisions are 
summarized in Fig. 198 A-D. In these diagrams 
the incision has been represented as unduly broad 
merely to facilitate the clear depiction of the main 
events alleged to occur during healing. No men- 
tion has been made, in any of the descriptions 
available to us, of the disposition, in microscopical 
sections, of the sutures used in the usual surgical 
procedures for apposing the cut edges. Immediately 
after apposing the cut edges, the latter are alleged 
to be ‘ glued ’ together by the clotting of blood and 
tissue fluids which have spilled or exuded into the 
injury. According to current teaching, with ‘ perfect 
suturing technique’ the various strata of the skin 
are supposed to be apposed layer by layer and edge 
to edge. This idealized version of ‘ perfect ’ apposi- 
tion of the cut edges of a surgical wound is repre- 
sented in Fig. 198 A. Within twenty-four to forty- 
eight hours of injury (Fig. 198 B), it is held that 
round cells and then, shortly thereafter, new capil- 
laries and fibroblasts, invade the clotted blood and/or 
tissue fluid which fill the small residual gap between 
the cut edges. The following facts, culled from 
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many standard descriptions, are generally rogarded™ gifferer 
as correct :— dermal 

1. The fibroblasts arise mainly from the <ivisigg Our 
of activated fibrocytes, originally lying do compli 
between the closely packed dermal fibres. The negli rev 
capillaries are considered to arise by a process of on 
* budding ’ of pre-existing dermal vessels. piopsie 

2. The clotted blood and/or tissue fluid acts afl to the 
an excellent pabulum for the rapidly growing 
mitosing, and advancing new cells. The fibrip 
fibres, in the clot, are also considered to act as; ait 
supporting framework for these regenerating cel; 
as the latter migrate into and/or across the zone of > 
injury. Ae 

3. The connective tissue regeneration com. 
mences first, within twenty-four hours of the injury, 
and is accompanied, or closely followed by, th 
regenerating epithelium (Fig. 198 B). 

4. The epithelial regeneration results from the 
amoeboid movement across the injury of epidemie &F 
cells adjacent to the incision and, subsequently, by s 
the mitosis of cells some distance from the line of B, 
the incision (Localio, Casale, and Hinton, 1943 d), ct 
The ‘new cells, regenerated by such mitotic activity, 
migrate across (or perhaps through) the clot which 
bridges the gap. The mitotic activity, in the 
epidermis neighbouring the incision, is considered * 
to be associated with some hyperplastic thickening 
of this epidermis (Fig. 198 B). c 

5. The new epidermis is usually considered to §~ 
grow in contact with the newly regenerated (or 
recently regenerated) connective tissue. 

6. Within five to fifteen days of the injury (Fig. 

198 C), the number of vessels in the wound diminish, 
fibroblasts predominate, and reticulin and collagen a 
fibres are deposited. The epithelium covering the 
incision may still be thicker than normal at this § ° i. 
time. 2 

7. Healing of uncomplicated surgical incisions is 
considered to be complete by about the fifteenth 
day, apart from a progressive thinning of the new k 
epithelium (which reverts to the atrophic typical s 
‘ scar-like ’ structure), the continuing decrease in 
capillaries (leading to progressive pallor of the scar), § ma 
and the further deposition of collagen, associated § vol 
with the decrease in both reticulin fibres and of 9 age 
fibrocytes. Elastic fibres are considered to be § sor 
deposited in the scar several weeks after the injury § tio 
(Fig. 198 D). co! 

8. The tensile strength of incised wounds is § bi 
generally stated to increase after the fourth or fifth an 
post-operative day. we 

9g. Apart from Hartwell (1928; 1929; 1949; as 
1950) no investigators, to our knowledge, have ar 
attributed any special repair functions to the sub- us 
cutaneous fat in the line of the incision. Most p 
students of this problem report the component cells st 
of the incised dermal tissue as playing an active part st 

in the repair process.’ ( 
No one, to our knowledge, has paid any attention a 





to the histogenesis of the punctate scars which 
invariably develop symmetrically near the edges of 
the incision, at the sites of entry and exit of the 
suture needle and attached thread. Nor has any 
attention been devoted to the epidermal reactions 
to the suturing wounds, although much has been 
written about the connective tissue responses t0 
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HISTOGENESIS 


jifferent types of suture material lying deep in the 
dermal tissue (Localio and others, 1943 a-e). 

Our own findings, relating to the healing of un- 
complicated incised and sutured surgical incisions, 
reveal several gaps in hitherto recorded knowledge 
on this subject. Our human material includes 
biopsies, taken at frequent intervals from the first 
to the forty-eighth post-operative day, from incisions 
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Diagram of apposition of cut edges of incised wound. 
Immediately after operation. 
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Fic. 198.—Diagrams illustrating classical views on the 
healing of incised wounds, as represented by uncomplicated 
sutured surgical incisions. (For details see Text.) 


made, for experimental purposes, on two human 
volunteers. In addition, some thirty scars of varying 
age (up to many years) and type, resulting from many 
sorts of injuries, and removed for cosmetic or func- 
tional reasons, were studied. Animal material was 
comprised of 30 biopsies from 9 rabbits and 29 
biopsies on 17 rats, all taken between the second 
and sixtieth post-operative day, on uncomplicated 
wounds, inflicted and sutured with most careful 
aseptic surgical” methods. All this human and 
animal material was examined in serial sections and 
using a wide variety of staining and histochemical 
procedures. The main points arising from the 
study of our material, which differ from, or are 
supplementary to, the most widely maintained ‘ facts ’ 
(summarized above) are represented diagrammatic- 
ally in Fig. 199 A-E. 

1. At the Conclusion of the Operation.— 

a. Despite the application of the most meticulous 
technique, or, for that matter, even when everting 
sutures are used for closure of incisions, the epider- 
mal edges are invariably found to be turned down- 
War ‘s (inverted) into the dermal portion of the 
incision (Fig. 199 A). 
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b. With good surgical technique and the most 
careful hemostasis, as stipulated by all surgical texts, 
very little blood is to be found within the incision. 
Apart from a small clot, filling the V-shaped depres- 
sion at the surface of the infolded epidermal edges 
(Fig. 199 A), the edges of the dermal and sub- 
cutaneous parts of the incision are held in apposition 
only by a thin layer of almost acellular fibrinous clot 































25 days to years after operation. 


Fic. 199.—Diagrams illustrating author’s views on the 
healing of incised wounds, as represented by uncomplicated 
sutured surgical incisions. (For details see Text.) 


(devoid of blood-cells) and by the tension of the 
sutures traversing the wound. 

c. There is usually a small amount of hemor- 
rhage along the suture and needle track, and at the 
related puncture wounds in the epidermis. 

d. Alterations in the traumatized collagen, along 
the suture needle track and incision itself, are usually 
detectable with suitable stains (Gillman and others, 
1954). 

e. There is some congestion detectable in the 
transected subcutaneous fat. 

2. Twenty-four to Forty-eight Hours Post- 
operatively (Fig. 199 8).—The most notable points 
about the micro-anatomy of a healing incised wound 
at this time are :— 

a. The distinct thickening of the portion of the 
epidermis which, noted above, becomes inverted. 
Mitotic figures are consistently detectable very near 
the cut edges of this inverted epidermis. By forty- 
eight hours the epidermis has bridged the incisional 
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gap, advancing, for the most part, im direct contact 
with the superficial parts of the incised original 
dermis. Numerous mitotic figures may now be 
found within the newly regenerated epithelium 
bridging the gap. 

b. Congestion, associated with round-cell infil- 
tration, is well marked in the transected subcutaneous 
fat. 

c. Tinctorial changes in the traumatized collagen 
are prominent (shading around suture and inverted 
epithelium within incision—Fig. 199 B). 

d. Most notable—there were no microscopically 
detectable signs of connective-tissue regeneration 
anywhere along that part of the incision which 
traversed the stratum reticularis (compact portion) 
of the dermis. Nor was there any obvious increase 
in the cellularity within the thin line of fibrin repre- 
senting the site of incision traversing the dermis. 

e. Suture: Some epithelial thickening and re- 
generation was always apparent at the suture needle 
puncture wounds. Distinct perisutural round-cell 
infiltrations were observable along the entire track 
of the suture material as it traverses the connective 
tissues. 

3. Five to Eight Days Post-operatively (Fig. 
199 C).—It is quite apparent, from all our animal 
and human material, that the epithelium is the first 
tissue to regenerate and is also the most actively re- 
generating tissue during the first three to five post- 
operative days. Consequently it is not surprising 
to find that between the fifth and eighth post-opera- 
tive days the following points are most notable (Fig. 
199 C) :-— 

a. Not only has the epithelium bridged the 
incisional gap below the small surface blood-clot, 
but it (the epithelium) has thickened noticeably, 
both at the edges and within the invariable V-shaped 
inverted surface of the wound. So hyperplastic has 
the epithelium become within the wound at this 
time, that numerous well-marked epithelial spurs 
are regularly encountered invading the subepithelial 
tissue around the surface portion of the incision 
(Fig. 199 C). Gentle removal of the small linear 
scab, lying on the wound surface, will almost in- 
variably reveal the incision to be inverted at this 
time. The scab itself is usually easily detachable, 
and is seen to have some scaly attachments to the 
wound, due to the keratinization of the underlying 
regenerated epidermis. 

b. If serial sections are studied, similar hyper- 
plasia and invasiveness of the epithelium is con- 
sistently found at the suture needle puncture sites 
(represented on one side of the incision only in Figs. 
199 A-C). In fact, the epithelium can almost 
invariably be found invading mainly along the outer 
and deep surface of the suture itself, for consider- 
able distances into the dermis. In animals, such 
perisutural epithelial cuffs have even been found 
deep to the panniculus carnosus. The perisutural 
epithelial cuff, in turn, is surrounded by lympho- 
cytes and young fibroblasts. Those parts of the 
suture which are not surrounded by epithelium (as 
shown in inserts alongside Fig. 199 C) are encased 
by a layer of leucocytes, predominantly eosinophils 
and neutrophils. This leucocytic layer, in turn, is 


encased by lymphocytes and young fibroblasts. 
Where the epithelial cuff terminates, numerous 


JOURNAL OF 








SURGERY 





foreign-body multinucleated giant cells are igere. 
gated in relation to the exposed suture, to tne jp. 
vading epithelium and to the keratin genera ed by 
the latter. 

c. Occasionally, in adequately prepared erially 
sectioned material, we saw the epithelial invasions, 
at the site of incision and along the suture tracks, 
unite to form a continuous bar of epithelium 4; 
indicated diagrammatically in Fig. 199 C. 

d. There is a marked connective-tissue response, 
in the form of a new fibrinous exudate with lympho. 
cytes and young fibroblasts, related to all ‘ invading’ 
epithelial spurs near the surface of the wound. 

e. The sites of most marked fibrosis are the 
transected subcutaneous fat and muscle. Here 
fibroblasts, new vascular buds, and round cells are 
most abundant. 

f. Once more, as in previous specimens, the 
absence of any signs of regenerative activity in the 
transected stratum reticularis of the dermis itself, 
is most notable. 

4. Between the Tenth and Fifteenth Post- 
operative Days (Fig. 200 C).— 

a. The surface epithelium, at the incision and 
at the suture needle puncture wounds, is still hyper- 
plastic. However, the well-marked invasive spurs 
(a prominent feature of healing incised wounds 
between the fifth and eighth post-operative days) 
are now diminished and seem to be replaced by 
isolated internally keratinizing epithelial pearls, 
This isolation of epithelial pearls, representing cells 
detached from the invading epithelial spurs and 
surface epithelium, is apparently due primarily to 
the active connective-tissue response evoked sub- 
epithelially (stratum papillaris of the dermis) by the 
invading epithelium itself. Of course, a diminution 
in the regenerative activity of the epithelium within 
the wound site probably also contributes towards 
the supervention of this phenomenon. A similar 
reaction has previously been described by us in 
detail (Gillman and others, 1953). Each of these 
epithelial pearls is surrounded by a dense infiltration 
of round cells and by young fibrous tissue with 
related foreign-body giant cells. 

b. Similar reactions are occurring around the 
perisutural epithelial cuff. If a well-marked union 
is established between the intra-incisional and peri- 
sutural epithelial hyperplasia, then the interior of 
this new epithelial bar may undergo internal kerati- 
nization. If the last layer of sutures is very near the 
surface, the internally keratinizing epithelial bar, 
joining the suture needle puncture wounds and the 
incision, may rupture to the surface, leading to the 
formation of a broad flat depressed scar. This 
reaction may be averted if the sutures are inserted 
deeply or are withdrawn before the eighth post- 
operative day. 

c. The fibrotic reaction in the traumatized sub- 
cutaneous fat is well advanced (Fig. 199 D). New 
capillaries and associated fibroblasts are now to be 
seen invading the acellular fibrinous exudate which 
has appeared within the hitherto inactive dermal 
segment of the incision. It seemed clear, from our 
numerous specimens, that the dense collagen and the 
associated fibrocytes in the stratum reticularis of 
the dermis, remain relatively inactive throughout the 
healing process. “Ultimate healing, with fibrosis of 
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igere. his dermal portion of the incision, is apparently 
1¢ in. Mccomplished by the downward growth of connective 
ed by Mbiswe anc new vessels from the subepithelial connective- 

* Bbisue reaction, and particularly by the upward invasion 


erially [By similar new connective tissue from the fibrosing sub- 
1sions, taneous fat and fascia. That this is so can be 
‘racks, Bubstantiated by careful study of serial sections of 


“ost fourteen-day-old uncomplicated incisions in 


IM as 
man, when the direction of new vessels can be seen 


DOnse, to be parallel to and within the line of the incision, 
npho- fend not traversing the incision and uniting the cut 
ding’ edges of the dermis, as generally maintained. (Com- 
| are Fig. 198 C with Fig. 199 D.) 

e th ® 5 After the Fifteenth Post-operative Day 
Here Fig. 199 £).—There is a progressive fibrosis in the 




























sxision, rapid deposition of reticulin fibres, which 
we subsequently superseded by fine and then by 
sarse collagen fibres, and diminution in cellularity 
und in vascularity. According to our observations, 
ascularity of the scar increases until about the 
wentieth post-operative day. With the increase in 
ollagen fibres and of blood-vessels along the incision, 
e surface begins to swell and the inverted V-shaped 
riginal depression may now be changed to a slightly 
projecting pink linear scar line (Fig. 199 £). Oc- 
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spurs Mfcasional epithelial pearls may be found within the 
unds fone of reaction for months, and sometimes even 
jays) #for years, after the infliction of the injury. In our 
i by fRmaterial new elastic fibres reappear in small numbers 
-arls, Min incisional scars only several years after the injury. 
cells Coarse abnormal ‘ elastotically degenerated ’ fibres, 


apparently derived from traumatized pre-existing 
collagen, may be found at an earlier date in or near 
incisional scars, and may be taken, incorrectly, to 


and 
y to 
sub- 


the [represent the deposition of mew elastic fibres. 

ition In summary, the main differences between our 
thin findings and the views generally accepted in the 
ards literature on the healing of incised wounds are :— 


1. The epithelium, and not the connective tissue, 
seems to be the first tissue to regenerate and cover 
the incisional gap (Figs. 199 A, B). 

2. No matter how the skin edges are sutured, the 
epidermis inverts into the incision and then re- 
generates new epithelial cells which grow in contact 
with the cut dermal edges and beneath the surface 
“ for a short distance into the incision (Figs. 199 A, 
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3. Only after three to five days, when epithelial- 
zation of the incision surface is completed, and 
when the epithelium has become hyperplastic and 
‘Invasive ’ is a connective-tissue reaction, apparently 
to the epithelium, detectable in the immediately 


the subepithelial stratum papillaris of the dermis (Fig. 

his —199C). This may account for the five-day delay 

ted before fibroplasia supervenes abruptly and just prior 

st- [tO an increase in the tensile strength of incised 
wounds (Howes and Harvey, 1935). 

ib- 4. The subcutaneous fat (as originally maintained 

ew [by Hartwell, 1928, 1929, 1949, 1950) and fascia play 


be §4 major part in fibrosis during wound healing (Figs. 
ch [199 C, D), 

val 5. The cut compact layers of the dermis remain 
ur jgseemingly inert during the repair process. The 
he |@part of the incision traversing the stratum reticularis 
of (ofth- dermis, is apparently repaired mainly by up- 
je (Ward growth of new vessels and connective tissue 
of [from the subcutaneous fat, and also by downward 
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growth of new connective tissue from the sub- 
epithelial region. Hence, new vessels are usually 
seen, about the thirteenth to fifteenth post-operative 
day, running in and parallel to the incision and not, 
as generally maintained, across it. 

6. The ‘ excessive’ epithelial hyperplasia and 
invasiveness, detectable at the healing incision, are 
invariably encountered also at the suture needle 
puncture wounds in the epidermis (Fig. 199 D). In 
both these locations the connective tissue seems to 
react to the epithelium, with the result that 
the epithelial regeneration is checked and ‘ invasive’ 
epithelial spurs are separated from the parent surface 
epithelium. Numerous internally keratinizing epi- 
thelial pearls represent the remnants of these invasive 
spurs (Fig. 199 D). The histogenesis of the relatively 
evanescent suture needle puncture wound scars is 
detailed. 

7. Apart from a further increase in collagen and 
a diminution in blood-vessels, healing and fibro- 
plasia of an uncomplicated incised surgical wound, 
is completed only by about the fifteenth to twentieth 
post-operative day (Fig. 199 E). Elastotic degenera- 
tion of traumatized collagen is fairly consistently 
found at this time and may be mistaken for new 
elastic fibres. ‘ True’ elastic fibres are not deposited 
in human incisional scars at least for several years 
after the injury. 


HEALING OF EXCISED WOUNDS 


Current views on the healing of wounds resulting 
in tissue loss (excised wounds) are nicely summarized 
in several text-books of pathology. These are all 
more or less in agreement. Nevertheless we think it 
is wise to quote some of these statements in extenso, 
since our findings are in striking conflict with several 
of the points expressed rather dogmatically in most 
of the texts on this subject. 

In his description of the healing of ‘ destructive 
wounds” Forbus (1952) states: “‘If the defect in 
the skin involves other tissue than the epithelium, 
it must be filled before the surface can be covered. 
This is accomplished through the proliferation of 
fibrous tissue and of blood-vessels in the wounded 
tissue. The wound usually is first filled, or at least 
is covered, by an exudate of fluid, fibrin, and wander- 
ing cells. This serves as a scaffold for the subse- 
quent growth of fibroblasts and blood-vessels, which 
is closely correlated. The growing connective 
tissue and vessels extend into the superficial layers 
of fibrin and little by little create a new and fully 
organized tissue. ... This combination of grow- 
ing blood-vessels and fibroblasts, fibrin, and macro- 
phages and other wandering cells is called granulation 
tissue. . . . When the granulation fills the defect, 
or nearly so, the proliferating epithelium at the 
margins of the wound extends over the surface and 
gradually covers.” 

Anderson (1953) states: “In order to migrate, 
epithelium requires a substratum of mesenchyme. 
If the mesenchyme remains intact, epithelium may 
begin migrating at once. ... If, however, the 
mesenchyme has been disrupted as in deep wounds 
of the skin, epithelium is unable to migrate until a new 
mesenchymal substrate is built up by granulation tissue. 
Thus occurs a delay of several days, after which 
epithelium spreads on the granulation tissue, passing 
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between this and the scab. It is noteworthy that 
epithelium spreads not on top of but beneath the 
scab, and therefore in contact with the newly formed 
mesenchyme.”” [Our italics.] 

In an outstanding study of the healing of self- 
inflicted wounds, Bishop (1945) arrived at similar 
conclusions to those expressed above. The following 
are abstracts from his paper: “...a spread of 
epithelium from the (hair) follicle waits upon the 
growth of a mound of granulation tissue around 
it. ... One factor determining the rate of epi- 
thelization again appears to be the development of 
a fresh granulation base.... The degree of 
maturation of granulation tissue appears to determine 
the time of covering by epithelium. . .. Epithelium 
heals the wound surface only after granulation tissue 
has matured to a stage permitting implantation of 
migrating epithelial cells.”” [Our italics.] 

Split skin-graft donor sites may be taken as 
exemplifying the healing of second-degree burns 
and other wounds of similar depth (Converse and 
Robb-Smith, 1944). As to the time taken for the 
completion of healing of such wounds—the opinion 
which has been expressed by several notable authors 
on this subject, and one which is widely believed, is 
that the repair process in such wounds is completed 
by the ninth or tenth day, by which time the burned 
area, or donor site, may be quite normal in macro- 
scopical and in microscopical appearances. Thus, 
Brown and McDowell (1949) state: ‘“‘ Healing is 


complete by the sixth day, and by the ninth day 
conversion to squamous epithelium is so complete 
that the papille are formed and some keratin is 
being thrown off.” 


Elsewhere in their book, Brown and McDowell 
state (legend to their Fig. 39, p. 64): ‘“‘ Ninth day 
with normal appearing epithelial surface. Rete-pegs 
beginning to develop and keratin being thrown off.” 
{Our italics.] 

Converse and Robb-Smith, in their text and in 
the legends to their figures, also imply that the donor 
sites of thin skin-grafts are restored completely to 
‘normality’ in six to ten days. They remark, in the 
legend to their Fig. 6: ‘‘ Donor area nine days after 
removal of a thin graft. Epithelial regeneration is 
complete. ... There is keratinization and well- 
marked, though irregular, rete-pegs. . . .” 

However, in the legend to their Fig. 14, these 
authors state, inter alia: ‘‘ Healed donor area 32 
days after removal of a thin graft. The epidermis 
is keratinized and of moderate thickness. Rete-pegs 
are not marked... .” 

Our findings, outlined below, provide a basis 
for understanding the obvious diminution in the 
size of the so-called ‘ rete-pegs’’ as well as for the 
thinning of the ‘ epidermis ’ so clearly apparent from 
a critical study of their Figs. 6 and 14. 

Thus, according to the most widely accepted views, 
healing of second-degree burns and of Thiersch- 
graft donor sites may be broadly outlined as taking 
the following course (Fig. 200 A-D) :— 

1. Immediately after the injury, the gap in the 
tissue is filled by clotted blood and/or tissue fluids. 
The residual portions of the sebaceous and sweat- 
glands, and of the hair follicles constitute an im- 
portant source for the regeneration of new epithelium 
(Fig..200 A). 
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2. By the second or third day, the clotted blog 
has been invaded by numerous round cells, fib, 
blasts, and new capillaries, thus forming granulatic, 
tissue ; epithelium is being regenerated from jy 
untraumatized epidermis at the edge of the wounj 
Reticulin fibres are prominent and even Collagen. 
ization has commenced. Islands of new epitheliyy 
have appeared on the surface of the granulation 
around the mouths of the skin appendages (Fi 
200 B). (How the epithelium, generated from the 
latter sources, reaches the surface through the mom 
superficially located granulations is not made ¢ley 
and, in fact, is not accounted for by modern ‘ theories’ 

3. At the third day, and between the third anj 
tenth (or fifteenth days) after the injury (Fig. 200), 
the new epithelium has thickened and matured iny 
a fully reorganized epidermis. Even the rete-peg 
are considered by most authors to have reforme 
‘normally ’ by the tenth or fifteenth days. (Brow 
and McDowell, 1949.) By this time the surfag 
blood-clot (now dried to a scab) may be shed spon. 
taneously or is easily dislodged, disclosing a normal, 
new, epidermis which has grown below the scab 
upon the now fibrosed granulation tissue. 

4. Vascularity of fibrosing granulations diminishes 
rapidly, and the skin is regarded as ‘ normal ’ fifteen 
days after the injury. Only a slight alteration in the 
arrangement of the collagen fibres in the dermis of 
the traumatized area may disclose the previous 
existence of a moderately deep injury (Fig. 200 D), 

Our findings, from the study of healing Thiersch- 
graft donor sites, is based upon serial sections of 69 
biopsies taken from thin split skin-graft donor sites 
in 13 healthy volunteers (8 Europeans and § non- 
Europeans). The majority of these biopsies were 
taken at frequent intervals between the first and 
thirtieth post-operative days, and, less frequently 
thereafter, up to eight years post-operatively. As 
indicated above, we have been particularly interested 
in the early and in the Jate stages of the repair process. 

Careful analysis of our material clearly reveals 
the following general findings: As in the case of 
incised wounds, so with excised wounds, the épi- 
thelium is the first tissue to regenerate. New con- 
nective tissue starts to appear only four to six days 
after the injury. As in the case of incised wounds, 
so too with excised wounds the re-growth of con- 
nective tissue seems to be dependent, in consider- 
able degree, upon the preceding epithelial activity. 
Moreover, regeneration of new connective tissue, In 
Thiersch-graft donor sites, does not take place from 
the dermis remaining in the traumatized area, but 
apparently does so from freshly emigrated white 
blood-cells. 

Our specific findings may be presented in summary 
as follows (Fig. 201 A-E) :-— 

1. Epithelial regeneration, from the wound edges 
and from all the skin appendages in the donor site; 
commences within twenty-four to forty-eight hours 
(Fig. 201 A). By the third or fourth day the donor 
site is completely covered with a thin layer of new 
epithelium (Fig. 201 A). 

2. This new epithelium grows beneath the surface 
blood-clot and in direct contact with the original 
stratum reticularis of the denuded dermis, and before 
any evidence of connective-tissue regeneration 15 
detectable microscopically. At this time, the only 
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‘on of connective-tissue activity is the cuffing, with 
round cells, of the perivascular tissue in the un- 
traumatized dermis. This ability of the epithelium 
to spread beneath the surface clot may be dependent 
on the ability of the epithelium to secrete a fibrino- 
tic or other type of proteolytic enzyme (Clark and 


Clark, 1953). 
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15 days to years after operation. 


Fic. 200.—Diagrams illustrating classical views on the healing 
of wounds involving tissue loss (excised wounds) as represented 
by the uncomplicated healing of thin split skin-graft (Thiersch- 
graft) donor sites. (For details see Text.) 


3. Four to six days after the infliction of the 
injury, a glycogen- and protein-rich exudate appears 
directly below the new epithelium and raises the 
latter up in a blister-like fashion (Fig. 201 B). At 
this time, therefore, the new epithelium is connected 
with the donor site only at the wound edges and at 
the new orifices of the skin appendages. The newly 
tegenerated epithelium thickens somewhat, at this 
stage, as does the untraumatized epidermis at the 
wound edges. The regenerating epithelium, which 
is distinguishable by its heavy load of glycogen and 
by the absence of a ‘stratum granulosum, seems to be 
derived primarily from the stratum spinosum of the 
untraumatized neighbouring epidermis, and from the 
equivalent thereof in the skin appendages. 

4. The new subepithelial exudate, which separates 
the regenerating epithelium from the denuded stratum 
reticularis of the dermis, is initially almost cell free. 
However, between the sixth (or seventh) and the 
tenth post-operative days, numerous round cells 
immigrate and capillaries grow into this subepithelial 
exudate, and reticulin fibres are soon deposited (Fig. 
201C). By the tenth or twelfth post-operative day 
a distinct layer of new connective tissue is detectable 
below the now hyperplastic and seemingly ‘ invasive ’ 
epithelium (Fig. 201 C) which at this stage gives rise 
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to numerous ‘ pseudo’ rete-pegs. We refer to this 
subepithelial layer as ‘ new connective tissue ’ despite 
the fact that most other authors call it ‘ granulation 
tissue’. The latter is, admittedly, new connective 
tissue, in that it is composed of fibroblasts, round 
cells, new capillaries, and a spattering of reticulin 
fibres. However, the organization of ‘ granulations ’” 
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40 days to years after operation. 


Fic. 201.—Diagrams illustrating authors’ views on the healing 
of wounds involving tissue loss (excised wounds) as represented 
by the uncomplicated healing of thin split skin-graft (Thiersch- 
graft) donor sites. (For details see Text.) 


and the very specific circumstances in which they 
develop distinguish them sharply from the sub- 
epithelial ‘new connective tissue’ here under dis- 
cussion, no less than the spleen, bone-marrow, 
lymph-nodes, etc., are distinguishable from one 
another architecturally, although they are composed, 
fundamentally, of the same types of cells and fibres. 
‘ Granulation tissue ’ is a much misused term and is 
certainly not synonymous with ‘ new connective tissue’ 
which may appear in many types of repair processes. 

5. Between the fifteenth and twentieth (or twenty- 
fifth) post-operative days, the subepithelial connec- 
tive-tissue becomes filled with fibroblasts, blood- 
vessels, and collagen fibres (Fig. 201 D). Many of the 
invasive ‘ pseudo-pegs’ of epithelium, which were 
so prominent between the ninth or tenth and seven- 
teenth to eighteenth post-operative days, now become 
separated from the parent surface epithelium, and 
may take the form of numerous internally keratiniz- 
ing epithelial pearls. This process is directly 
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comparable with that described above as occurring 
during the healing of incised wounds (compare Fig. 
201 D with Fig. 199 D). The lower border of the 
new epithelium, which is still serrated with ‘ pseudo- 
pegs’ at the tenth to fifteenth post-operative day, 
becomes progressively straighter until, by the thir- 
tieth to fortieth day, it closely resembles ‘ scar 
epithelium ’. Thus, it was clear from our material 
that structures described by previous authors as 
‘ rete-pegs reappearing at the ninth or tenth post- 
operative days’, are merely transient ‘ invasive’ epi- 
thelial spurs, which are soon eliminated, apparently 
by the vigorous connective-tissue foreign-body type 
reaction which they evoke (and perhaps also by the 
diminishing vigour of epithelial growth). These 
epithelial spurs may resemble and may even be mis- 
taken for ‘ reformed rete-pegs ’, but since we have 
shown them to be eliminated between the twentieth 
and fortieth post-operative days, we have termed 
them ‘ pseudo-pegs ’. 

6. The original morphology of the donor site is 
not re-established even eight years after the taking of 
a thin split skin-graft (Fig. 201 E). This opinion is 
based on the finding that :-— 

a. The stratum papillaris of the epidermis, re- 
moved with the graft (and represented in the dia- 
grams by subepidermal hatching) is not reformed. 

b. Comparative cytological study of the original 
epidermis of the donor area and of the reconstructed 
epithelium over the wound, reveals that the epi- 
thelium does not acquire its original morphology 
even after eight years. 

c. Even after eight years the epithelial connective- 
tissue junction of the healed donor site is different 
and clearly distinguishable from the epidermal- 
dermal junction of the untraumatized neighbouring 
skin of the area studied. 

7. The morphology of the new connective tissue, 
which forms in the healing donor site, even after 
several years, differs from that of the true dermis. 

However, the donor site is not repaired by the 
formation of ‘ true scar tissue ’, nor does it become 
deformed by contracture. This healing of Thiersch- 
graft donor sites we have termed ‘healing without 
scar formation’ to distinguish it from the scars 
formed as a result of the repair of deeper cutaneous 
wounds. 

In non-Europeans in particular, the traumatized 
area is easily distinguishable macroscopically, for 
many weeks and even for months after the injury, by 
its hyperpigmentation. Even in Europeans critical 
examination of the healed donor site will reveal dis- 
tinct differences between it and the untraumatized 
surrounding skin. 

The healing of deep excised skin wounds, resulting 
in loss of most of the dermis and of the associated 
intradermal portions of the epidermis (i.e., glands 
and hair follicles), follows a totally different course. 
In the healing of more superficial excised skin 
wounds, new connective tissue, but not granulations, 
appears subepithelially after the sixth or seventh day. 
However, ‘true’ granulations develop in deep 
excised wounds and, as classically described, are 
built up from the base of the wound. Here the 
remaining dermis and subcutaneous fat seem to play 
a fundamental role, as originally suggested by Hart- 
well. These granulations fibrose very slowly indeed 
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and then only from the base upwards and {om the 
wound edges inwards. In the latter zone (i.-., from 
the wound edges) fibrosis starts more supe ficially, 
and the formation of granulations as wel! as the 
fibrosis seem to be initiated by the epitheliurm which 
spreads slowly from the untraumatized epithelium 
around the wound edges. 

We have shown in a previous study (Gillman 
and others, 1953) that fibrosis of ‘ true ’ granulation; 
of long standing can apparently be related directly to 
the presence of epithelium, derived either from the 
wound edges or from split-skin ‘ stamp’ grafts (jf 
these are applied). ‘The efficacy of grafts in pre. 
venting serious scars in deep wounds or burns canno; 
be attributed solely to the influence of the epithelium, 
This conclusion is merited, on the basis of the clear 
demonstration by Billingham and Reynolds (1952 
that the application of viable epithelium alone tj 
deep excised wounds in experimental animals failed 
to prevent scar formation and subsequent wound 
contracture. It was clear from this latter study that 
even when epithelium is provided in abundance the 
presence of at least some dermis is essential to prevent 
contracture of full-thickness skin-loss wounds. 

In a previous study (1953), we showed that 
trypsin-treated homodermal grafts may profoundly 
modify epithelial regeneration. We believe, on the 
basis of some new and as yet incomplete experi- 
mental evidence, that the dermal components of 
grafts alone may also significantly modify the 
connective-tissue reactions in such wounds. The 
evidence so far available, from our extended studies 
on the repair of deep excised wounds, indicates that 
the dermal and the epidermal components of split skin- 
grafts each exert quite distinct, albeit complementary, 
effects on the healing of granulating wounds. 

All our findings, from these various experiments, 
will be reported in extenso, in separate publications. 

In summary, the main contributions from our 
study of excised wounds, as represented primarily 
by thin, split skin-graft donor sites in man, and full 
thickness loss cutaneous wounds in animals, are the 
following :— 

1. The epithelium is the first tissue to regenerate. 
It covers the denuded area in three to five days, and 
before there is any evidence of connective-tissue 
activity. This new epithelium seems to be derived, 
initially, from migrating cells of the stratum spinosum 
of the surface epidermis and from the equivalents 
thereof in the skin glands and hair follicles. Mitotic 
activity can be encountered in these latter locations, 
as well as in the new epithelium, from the second or 
third day after the injury. 

2. This new epithelium grows across the wound 
in contact with the denuded stratum reticularis of the 
dermis. The growth of epithelium beneath the 
overlying clot may be due to the ability of regenerat- 
ing epithelial cells to secrete a fibrinolytic enzyme. 

3. Only after the thin initial surface epithelium 
has covered the wound, does a fresh cell-free exudate 
appear, subepithelially, into which blood-cells immi- 
grate to form the new subepithelial connective-tissue 
layer. 

4. The epithelium thus seems to play an important 
role in stimulating the connective-tissue regeneration. 
The epithelium also seems to influence the type 
and organization of the new connective tissue and 
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plood-vessel growth in healing, partial-thickness loss, 
excised skin wounds. The new connective-tissue, 
deposited in the healing of this type of wound, is not 
comparable morphologically with the granulation 
rjgsue Which is classically described as developing in 
deep excised wounds associated with the loss of most 
of the sources of new epithelium. In the latter, the 
epithelium also influences the connective-tissue 
regeneration, while ‘ pure’ dermal grafts may affect 
the behaviour of both the epithelium and the con- 
nective-tissue during repair. 

5. The fact that the epithelium regenerated 
iefore the connective-tissue explains the appearance 
of new epithelium on the very surface of the wound. 
According to current views, maintaining that connec- 
tive-tissue regeneration precedes epithelial growth, 
the new epithelium, from skin-glands, etc., would 
need to grow through preformed surface granula- 
tions. This latter does not occur. 

6. After the subepithelial new connective tissue 
appears, the originally thin surface epithelium thickens 
rapidly and seems to become ‘ invasive’. ‘ Pseudo- 
pegs’ are formed by the tenth to fifteenth post- 
operative days. These are called ‘ pseudo-pegs ’, 
since they ultimately disappear, owing to their being 
separated from the parent surface epithelium by the 
vigorous connective-tissue reactions which they 
sem to evoke. Numerous internally keratinizing 
epithelial pearls, surrounded by fibrous tissue and 
foreign-body giant-cell reactions, may represent the 
remains of these ‘ pseudo-pegs’. The final re- 
organization of the new epithelium into an epidermal- 
like structure, between the seventeenth day and 
years after the injury, is apparently effected, in part 
at least, by the connective-tissye response to the 
epithelial invasiveness. 

7. Neither the epithelium nor the subepithelial 
new connective-tissue, of healing Thiersch-graft 
donor sites, re-acquire the original morphology of 
the skin surrounding the donor site, even years after 
the injury. 


COMMENT 


Careful examination of the photomicrographs of 
incised wounds published by many authors (Muir, 
1951; Hartzell and Stone, 1942; Baxter, Schiller, 
and Whiteside, 1951; Forbus, 1952; and many 
others) viewed in the light of our own studies of 
incised wounds, discloses that inversion of incised 
wounds is an invariable and normal phenomenon at 
certain stages of the repair process. This appear- 
ance, and the apparent ‘ invasiveness’ of the re- 
generating epithelium, at the incision and at the 
suture-needle puncture wounds, cannot be regarded 
as pathological manifestations of the healing of un- 
complicated surgical incisions. 

Since this much seems clearly established, several 
basic “uestions remain to be answered, and among 
them ‘he following are of both practical and theo- 
retical importance: What initiates epithelial inver- 
sion, .ven when everting sutures are employed ? 
What permits and then subsequently inhibits the 
invasiveness of the regenerating epithelium during 
the h aling of both incised and excised wounds ? 
What determines when scars will supervene on an 
inur.—depth or extent of a wound? If depth, 
then xactly to which level must an injury extend 
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before a scar will develop? If a scar does develop, 
will this be permanent, as for the incision itself, or 
transient, as for the suture-needle puncture scars ? 

We do not intend, here, to attempt answering 
these questions, pertinent though they are. We 
have already dealt with many of these problems in 
longer studies presently in preparation for publica- 
tion. However, the practising surgeon may well 
ask—‘‘ How carefully must skin edges be apposed 
to expedite healing with the least obvious scar?” 
and “‘ Have our present methods of skin closure been 
accepted for too long without critical assessment ? ” 

We have suggested, both here and in other pub- 
lications, that the initial infolding and subsequent 
ingrowth of epithelium may be an active process, 
due to some peculiarity of epithelial growth, and due 
perhaps, also, to certain chemical characteristics of 
traumatized dermis. If this is in fact so, then it 
may be possible to design new methods for skin 
closure on the basis of this observation. That the 
invasion of epithelium along the needle puncture 
wound is a constant phenomenon, occurring in almost 
all surgically sutured human wounds, is undeniably 
substantiated by the constant occurrence, at the sites 
of suture entry and exit in all human and animal 
material, of punctate circular scars symmetrically 
arranged on either side of the incision. 

These punctate suture scars have not, to our 
knowledge, been given any attention by previous 
investigators. In surgical practice on human sub- 
jects it is usual to remove the sutures between the 
sixth and tenth post-operative days, yet, despite 
this, these punctate scars persist for months and 
even for years. The exact time for which these 
punctate suture scars persist has not, as far as we 
are aware, been studied, nor is there any information 
in the literature available to us concerning either the 
histogenesis of these suture scars or the manner of 
their subsequent resolution. It is perhaps important 
to realize that such punctate scars, as shown above, 
manifest all the histological features of incisional 
scars and yet, according to our clinical observations 
in man, these scars can and do ultimately disappear. 
The reason why these punctate scars disappear 
whereas the incisional scars do not, remains a prob- 
lem meriting further investigation. How far the 
removal of sutures between the sixth and tenth 
post-operative day, and/or the type of suture used 
in wound closure, facilitate the development and 
subsequent resolution of such suture scars, also 
seem worthy of more intensive study. 

It is widely recognized that several complications 
may supervene in scars. For example, in individuals 
with a tendency towards keloids, such as negroes, 
both incisional and the multiple suture-needle 
puncture wound scars may become keloidal. The 
intermittent recurrence of discharging, non-septic, 
small sebaceous-like cysts within incisional scars, 
as well as in the related suture scars, also supervene 
quite frequently in general surgical practice. The 
histological basis for these latter reactions is now 
clearly apparent from the present report. 

Bearing in mind the histogenesis of the several 
types of scars which develop in relation to the repair 
of incisions, as well as the complications which may 
occur therein, the time may well have come for re- 
assessing the techniques generally adopted for 
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suturing the skin. It may be that, despite the 
laboriousness of the procedure, subcuticular stitching 
should be more widely used, in order to avoid any 
damage to the epidermis other than that which is 
necessary in making the incision. Perhaps, too, the 
simple technique for wound closure, using plaster 
strips, recommended some years ago by Radcliffe 
(1943), Or some more convenient modification there- 
of, may also merit consideration for wider adoption 
in surgical procedures. Perhaps a combination of 
this latter method with a limited number of tension 
sutures may contribute much towards the attainment 
of more satisfactory repair of surgical and other 
incisional wounds of the skin, and may even diminish 
the number of hypertrophic scars, keloids, and other 
complications in scars. 

Several other possible practical suggestions 
emerge from our analysis of the healing of excised 
wounds. Among these are the following :— 

1. Time for removing Dressings from Graft Donor 
Sites and Second-degree Burns.—We have shown 
that at certain stages of healing the epithelium is 
very thin and virtually unattached to the bared area, 
except by virtue of its connexions with the parent 
epithelium, lining the sweat and sebaceous glands 
and the hair follicles. This is especially so between 
the fourth and seventh post-operative days, when a 
subepidermal ‘ blister-like* mew exudate appears. 
If dressings are removed at this time, and if the sur- 
face clot is disturbed or ruptured or sticks to the 
dressings and is torn off, then the very thin and 
loosely attached epidermis will almost unavoidably 
be interfered with. Only after the tenth day, when 
new subepidermal connective-tissue regeneration is 
well advanced, and when the epithelium over the 
donor site has thickened markedly and even sent 
numerous ‘ pseudo-pegs’ into the underlying con- 
nective-tissue, can the epithelium be considered to 
be sturdy and reasonably well attached. At this 
time, too, since keratinization of the surface epi- 
thelium is already well under way, a natural plane of 
cleavage has developed, like a perforated line in a 
copy book, for the easy separation of the clot from 
the underlying epithelium. Our experience in 
experimental animals has demonstrated these sug- 
gestions to be in conformity with fact and highly 
practicable. 

2. Time for ‘ harvesting a second crop’ of Epi- 
thelium from a previously used Donor Site.—In their 
excellent monograph on skin-grafting, Brown and 
McDowell (1949) mention that when this procedure 
is indicated they usually remove a second layer of 
tissue for grafting about the nineteenth post-operative 
day. We have shown that the epithelium is at its 
maximum thickness between the fourteenth and 
sixteenth post-operative days, and that, thereafter, 
during the next ten to twenty days it becomes pro- 
gressively thinner and also gradually loses its invasive 
* pseudo-pegs ’. On the basis of our findings the 
best time to ‘ harvest ’ a second ‘ crop’ of epidermis 
would be about fifteen to sixteen days after the first 
thin split skin-graft was taken, at a time when the 
epithelium is at its thickest. At least, this would 
seem to be reasonable if the objective is to obtain a 
thick layer of actively growing epithelium together 
with a suitable associated lamina of young, vigorously 
growing and highly cellular, relatively fibre-free 


JOURNAL OF 


SURGERY 


connective-tissue. Admittedly, at this tim: (aboy 
the fifteenth to sixteenth post-operative day) oleeding 
would probably be more profuse than at, say, th 
twentieth post-operative day when the connectiy 
tissue js rapidly becoming collagenized, with cop. 
sequent diminution of blood-vessels. Removal o 
epidermis plus new connective tissue at the above 
suggested time would also yield less highly differ. 
entiated structures, which may be cosmetically more 
valuable. 

3. Possible Value of ‘ Dermal’ Grafts.—As indi. 
cated in a previous study, and as confirmed to some 
extent by further human and animal experimen 
still in progress, ‘ pure’ dermal grafts exert a pro. 
found effect on the regenerative capacity of both 
epithelium and connective tissue. Especially in full. 
thickness-loss cutaneous wounds, dermal tissue (both 
auto- and homo-) significantly depresses excessive 
granulation tissue growth, while auto- epidermal 
grafts seem to stimulate both the development and 
subsequent fibrosis of granulations. Investigations 
are still in progress, but our results so far indicate 
that in view of the above-mentioned effect of dermal 
grafts, and since homo-dermal grafts are not sloughed 
in the same way as ‘ mixed’ epidermal and dermal 
homo-grafts, there may yet be an important place for 
homo-dermal grafts in the clinical treatment of 
extensive deep excised granulating cutaneous wounds 
or burns. 

In view of our findings outlined above, and 
detailed fully elsewhere, it may be possible from a 
study of suitable sections to define more precisely 
the nature and time of an original injury—a matter 
which can be of some medico-legal importance. For 
example, we have repeatedly demonstrated, in human 
material, that epithelialization of both incised and 
excised wounds is completed within three to four 
days of the injury (the speed is greater in rats), and 
that new connective tissue only commences to form 
at this time. We have also shown that cellular 
subepithelial connective tissue =ppears only six to 
eight days after the infliction of wounds which are 
equivalent to thin split skin-graft donor sites. 
Furthermore, epithelial pearls only start forming 
about the eighth to tenth post-operative days in the 
case of incised wounds, and after the thirteenth to 
seventeenth day for Thiersch-graft donor sites. 
These morphological criteria are easily demonstrable 
in suitable serial sections, and may perhaps prove to 
be of some value in medico-legal practice. These 
dates, of course, refer only to wounds which are 
healing without associated complications, such as 
sepsis, etc. 

Apart from the above-mentioned 


immediate 
practical applications, our findings carry, in addition, 
several rather interesting, if not in fact important, § 


theoretical implications. In the first place, we 
believe our observations provide, for the first time, 
a satisfactory unification of the various phases of 


the healing of incised and of partial-thickness skin- | 


loss excised wounds. In both types of wound the 
epithelium is the first tissue to regenerate ; in both, 


the initial connective-tissue regrowth seems to be g 


related to, or at least modified by, the overlying | 
epithelium ; in both, after the connective-tissue 
regrowth has commenced, the new epithelium 


thickens considerably, and for a while becomes f 


men 
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(abou fMctively invasive. The regenerating connective- 
leeding yjsue seems to play some part in restraining the 
AY, the Mminvasive and hyperplastic tendencies of the newly 
NECtiye erated epithelium and in subsequently re- 
con- moulding its structure. 
val of | Ina most elegant study, Clark and Clark (1953) 
above have recently demonstrated that regenerating epi- 
differ. Mthelium secretes some proteolytic enzyme which 
y more may play a role in permitting the epithelium to grow 
petween the overlying blood-clot and the denuded 
3 indi. Mdermis. Moreover, the epithelium was shown by 
) Some [Clark and Clark to modify significantly the growth 
iments fof both the connective-tissue and the blood-vessels. 
a pro- These observations by Clark and Clark add consider- 
* both ably to the weight of our own findings. 
n full. Apart from the fascination which these facts hold 
(both [for theoretical biology, and the possible implications 
essive MBof our findings in healing skin wounds for the healing 
lermaj (with or without scarring) of lesions in other organs 
it and Mieg., liver, stomach, etc.), we believe that much can 
ations be learnt from critical studies of wound healing 
dicate which may be of value in understanding certain 
ermal aspects of the pathogenesis of carcinoma. The 
ighed spontaneous occurrence of carcinomas in certain 
ermal types of scars in man (e.g., following burns), and the 
ce for § predilection of neoplasms to develop in scars (follow- 
nt of Ming the application of carcinogens in experimental 
yunds MBanimals) requires explanation if we are to make any 
headway in the understanding of carcinogenesis. 
and @ Many authors, among the most persistent of them 
om a being Orr (1939), Lacassagne and Latarjet (1946), 
cisely Hand Vernoni (1951), have repeatedly stressed the 
atter possible role of connective tissues in the patho- 
For @ genesis of carcinoma. We have shown by our own 
wman studies that epithelial invasiveness is a consistent 
and @ finding during certain phases of wound healing. It 
four @seems clear from our studies that, on the one hand, 
and f§ the behaviour of the connective tissue is significantly 
form affected by the activity of related epithelium, while, 
lular #§on the other hand, the regenerative pattern of the 
x to epithelium during wound healing is in turn consider- 
| are Mably modified by the connective-tissue response in 
ites. the healing of wounds. We have also demonstrated 
ning @ Gillman and others, 1953) that this epithelial 
| the #activity can be profoundly modified by altering 
h to the characters of the related connective-tissue, so 
ites. much so that an evanescent localized neoplasia- 
able § like epithelial growth can consistently be evoked 
eto @in healing donor-sites in human subjects by the 
hese § local application of a trypsin-treated homo-dermal 
are & graft. 
| as These findings have not yet been exploited fully 
» [by our group, with a view to extracting some sub- 
iate F stances from dermal, and possibly also from epi- 
ion, dermal, tissue which may perhaps be employed use- 
ant, f§ fully in stimulating and/or inhibiting epithelial and/or 
we § Connective-tissue regeneration. However, we have 
me, found that, following the application of trypsin- 
| of treated homo-dermal grafts to healing donor sites, 
cin- ji there appears locally a markedly abnormal type of 
the . connective-tissue fibre which seems to be associated 
oth, |F With epithelial invasiveness (Gillman and. others, 
be 5 1953). We have further shown, in conformity with 
ing |} Many c‘her investigators (e.g., Orr, 1939 ; Ma, 1949 ; 
sue €rnori, 1951), that a similar type of abnormal con- 
um |¥ Rectiv: -tissue fibre, hitherto referred to by the above- 
nes #;/Mentined authors as ‘ excessive accumulation of 
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elastic tissue ’, is consistently demonstrable in spon- 
taneously occurring skin carcinomata in man and in 
experimentally induced carcinoma in animals. We 
have demonstrated that these abnormal connective- 
tissue fibres differ, in certain important respects, 
from ‘ true ’ elastic fibres (Gillman and others, 1954), 
and to resemble the changes induced by trauma in 
normal collagen. 

It seems possible, as already previously suggested 
by Wolbach (1909), and subsequently by Vernoni 
(1951), that alterations in dermal collagen may play 
an important role in the pathogenesis of skin cancers, 
as it seems to do in wound healing. Our work adds 
further information supporting this view, and indi- 
cates that the study of epithelial connective-tissue 
relations during wound healing may be of im- 
measurable assistance in understanding wound 
healing, various types of epithelial and connective- 
tissue regeneration, and perhaps even carcinoma. 

Some of our experimental studies, presently 
under way, indicate that it may be possible in the 
near future to provide extracts of skin which may 
be of considerable value as tools in the treatment of 
healing wounds as well as in the study of carcino- 
genesis. 


SUMMARY AND CONCLUSIONS 


1. Certain aspects of the histogenesis of the 
repair of cutaneous incised wounds (tissue inter- 
ruption without tissue loss) and of excised wounds 
(varying depths and amounts of tissue loss) have 
been re-examined. The material employed in- 
cluded biopsies from experimentally inflicted wounds 
in healthy human volunteers and in animals. 

2. Particular attention has been devoted to the 
early and later stages of repair. 

3. Several hitherto undescribed, or not generally 
recognized, phenomena are reported as occurring 
during the healing of both incised and of excised 
wounds. These findings alter, in some degree, 
present concepts of the healing processes in the skin 
and their treatment. Current views and the new 
findings are presented diagrammatically and com- 
pared. 

4. The following outstanding phenomena were 
regularly found during the healing of incised wounds : 

a. The first tissue to regenerate and bridge the 
incisional gap is the epithelium. This epithelium 
always inverts and then actively grows into the 
incision, even when everting sutures are used for 
closure. 

b. After covering the defect occasioned by the 
incision the epithelium becomes hyperplastic, appar- 
ently ‘invasive’, and seems to evoke the earliest 
subepithelial connective-tissue reactions at four to 
six days after injury. 

c. Blood and tissue fluid shed at the time of 
injury seem to play no role in the repair of the 
incision, other than a protective one. 

d. The subsequent hyperplasia and ‘ invasive- 
ness’ of the regenerating epithelium is apparently 
brought under control by the connective-tissue re- 
actions evoked by this ‘ excessive ’ epithelial growth. 

e. Epithelial (and connective-tissue) reactions at 
the suture-needle puncture wounds in the skin sur- 
face are of the same type and may even be of a 
similar order to those in the incision itself. 
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f. The transected dermis remains relatively in- 
active throughout the repair process. Connective- 
tissue regeneration seems to start first in the sub- 
cutaneous fat (or muscle) and later in the immediately 
subepithelial stratum papillaris of the dermis. 
Healing of the dermal portion of the incision is 
apparently effected by the invasion of connective- 
tissue from the subepithelial region downwards and 
especially from the subcutaneous fat upwards. 

5. Healing of excised wounds was studied on 
experimentally produced thin, split (Thiersch) skin- 
graft donor sites, which are regarded as probably 
comparable, in the main, with second-degree burns. 
Study of 69 biopsies from thirteen human subjects 
(European and non-European) revealed the following 
main features :-— 

a. Contrary to accepted opinion, the first tissue 
to regenerate and cover the raw area is the epithelium, 
and not the connective tissue. Epithelialization is 
completed within three to five days of injury owing 
to the migration and regeneration of cells from the 
wound edges and from all the skin appendages in the 
injured area. The epithelium grows in contact with 
the denuded stratum reticularis of the dermis, and 
penetrates below the surface blood-clot, probably 
by virtue of a fibrinolytic enzyme. 

b. Only four to six days after injury, and when 
epithelialization is complete, does a new cell-free, 
but glycogen- and protein-rich exudate appear, 
almost like blister fluid, below the thin new epi- 
thelium. Connective-tissue regeneration apparently 
takes place from the blood-cells which immigrate 
into the subepithelial exudate, from the blood-stream 
itself, and from the previously occurring perivascular 
cuffing of round cells, and not by the activation of 
previously existing dermal fibrocytes. 

c. The blood-clot and plasma exuded into the 
wounded surface seem to play no role, other than a 
protective one, in healing. 

d. The primary growth of epithelium over the 
wounded surface and the subsequent subepithelial 
development of new connective tissue eliminates the 
need to account for an active penetration of new 
connective tissue by regenerating epithelium—a 
phenomenon which would need to occur if the 
connective tissue regenerated first, as presently 
claimed. 

e. After the subepithelial regeneration of con- 
nective tissue has started the epithelium becomes 
hyperplastic and invasive, and forms ‘ pseudo-rete ’ 
pegs. These are later eliminated by the active 
connective-tissue reaction apparently evoked by the 
‘ penetrating’ epithelium itself, with the resultant 
formation of numerous foreign-body reactions around 
internally keratinizing epithelial pearls ; ultimately 
the epithelial-connective-tissue junction becomes 
straight and scar-like. 

f. ‘ True’ rete-pegs and a stratum papillaris of 
the dermis (removed with the split skin-graft) are 
not reformed at least for eight years after the injury. 
Nor is the epithelium reconstituted into a normal 
epidermis during this time. Both microscopically 
and macroscopically the graft donor site remains 
abnormal and ‘ scar-like ’ after healing is completed. 

6. It seems apparent from these studies that the 
healing of incised and of excised (partial-thickness 
skin loss) wounds have many features in common. 
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In neither of these types of injury is ‘ true’ g¢ 
tion tissue formed, as in the healing of dee 
wounds which result in ‘ true’ scar-forma 
possible subsequent contracture. 

7. The regenerating epithelium seems t: 
important role in initially evoking and subse 
modifying the connective-tissue and new 
responses during healing. The connective-tissue, ip 
turn, seems to operate on the epithelium, inhibits jx 
further growth and invasiveness, and modifies th 
organization of this new epithelium so as to achie 
an epidermal-like structure. 

8. The possible practical implications of they 
findings are outlined, with particular reference t , 
reassessment of methods of suturing incised wound, 
to the treatment of excised wounds, and to the tim: 
for ‘ harvesting ’ second ‘ crops’ of split skin-grafi 
from a previous donor site. It is suggested that ip 
view of the marked epithelial reactions at the suture. 
needle puncture wounds, and the effects of these o 
the entire repair process, the time may well have 
come for reassessing current methods for the closure 
of surgical skin incisions. 

9. Brief consideration is also given to the possible 
medico-legal significance of these findings. 

10. Possible implications of these findings, and 
of future studies of wound healing for the investig:- 
tion of carcinogenesis in general and for the under- 
standing, particularly, of carcinomas which develop 
in scars, are also outlined. 
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THE SURGICAL ANATOMY OF THE RECURRENT LARYNGEAL NERVE 
By RUTH E. M. BOWDEN 


DEPARTMENT OF ANATOMY ROYAL FREE HOSPITAL SCHOOL OF MEDICINE, LONDON 


THE recurrent laryngeal nerve has been the subject 
of so many papers that yet another may seem super- 
fuous, but in spite of the extensive literature it is 
difficult to get a clear and comprehensive account of 
certain important details of anatomy which are of 
significance in the surgery of the thyroid gland. This 
is due to the fact that the variants are numerous and 
demand a large series of cases for their assessment. 
Therefore the present observations are correlated 
with previous work in hopes of clarifying some of 
these points. Particular attention will be paid to 
the relevant parts of the cervical fascia and to the 
relations, the frequency, and site of branching of the 
recurrent laryngeal nerves and to certain vascular 
anomalies. 
MATERIAL 


This investigation was carried out on I9 dissecting- 
room cadavers, 9 fresh post-mortem specimens, 2 
preserved specimens, and a departmental record of 
an anomaly of the right recurrent laryngeal nerve.* 
A specimen consisting of the head, neck, and upper 
part of the thorax of a seven-months’ foetus which 
had been fixed by injection of 10 per cent formol- 
saline was decalcified, and sectioned serially at 40. 
The following stains were used: van Gieson’s, 
Mallory’s trichrome, and Romanes’ or Glees’ silver 
stains, 


OBSERVATIONS 


_ I. Fascia.—In the post-mortem specimens the 
fascial layers were delicate and translucent, though 
well defined and separable. In the injected cadavers 
the fascia was opaque, dense, and closely felted 
together. However, in all specimens it was shown 
that, in addition to the true capsule, the thyroid gland 
was invested with a distinct outer covering formed 
by the pretracheal fascia, which had attachments 
and extensions which are not generally recognized in 
current text-books. The pretracheal fascia covered 
the anterior aspect of the gland and on reaching 
its posterolateral border split into two layers. One 
layer clothed the whole posterior surface of the 
gland and had conspicuous bilateral thickenings at 


_—_—— 





*I will be noted that in the tables the number of 
herves reported varies ; this is because not all were suit- 
able fe- study of each of the points which was investigated. 


and just above the level of the isthmus, attaching 
the gland to the trachea and lower border of the 
cricoid cartilage. The other, more posterior, layer 
passed behind the cesophagus, and was continued 
upwards on to the posterior wall of the pharynx. It 
was attached to the prevertebral fascia laterally, thus 
forming a well-defined retro-pharyngeal and retro- 
cesophageal space. Anteriorly in the midline the 
pretracheal fascia continued up to be attached to 
the hyoid ; more laterally it fused with the fascia of 
the thyrohyoid muscle and with the fascia surround- 
ing the infrahyoid muscles. Still more laterally the 
combined layers of fascia fused with the carotid 
sheath. By the splitting of the fascia and by the 
downward continuation of the unsplit layer a fascial 
compartment was formed lateral to the trachea and 
cesophagus. The cross-sectional area and shape of 
the space varied according to the level in the neck 
(Figs. 202-205). It was markedly restricted and 
flattened from before backwards in relation to the 
posteromedial aspect of the thyroid gland. The 
recurrent laryngeal nerves and the terminal parts of 
the inferior thyroid arteries lay in the fat which 
filled this space. It was observed that the lobules 
of fat were elongated and tended to lie parallel to 
the course of the nerve. 

This account of the arrangement of the fascia is 
substantially the same as that given by Berry in 1901. 
Grodinsky and Holyoke (1938) showed that a layer 
of fascia ensheathed the gland, trachea, pharynx, 
and cesophagus, but did not mention the retrothyroid 
extension and thickenings, which have been noted by 
others. The condensation of connective tissue which 
attaches the gland to the trachea and lower border 
of the cricoid was named the suspensory ligament by 
Berry in 1888, the adherent zone by Berlin (1935) and 
Armstrong and Hinton (1951), and the lateral liga- 
ment by Rundle (1951). The last-named term is 
more desirable since it avoids any confusion with the 
levator glandule thyreiodez, and it will therefore 
be used throughout this paper. All these writers 
pointed out that the fascial condensation was con- 
siderably thickened where the gland was enlarged, 
and this observation has been confirmed in the present 
investigation. 

2. Relations of the Recurrent Laryngeal 
Nerves.—After looping around the aortic arch on 

II 
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the left, and the subclavian artery on the right, the the groove on the right side, and three of thes 
nerve does not invariably ascend in a protected well lateral to the trachea in the region of t): 
position within the tracheo-cesophageal groove. part of the gland. On the left, 2 out of 2% 
Four out of 27 nerves were found to lie anterior to were found to be anterior, in I case lying | 
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~ Thymus Right vagus nerve 
Left recurrent Right recurrent laryngeal nerve 
laryngeal nerve Innominate artery at point of division into 
right common carotid—subclavian arteries 
FiG. 2¢2.—T.S. at the level of the sternoclavicular joints of 7 months’ human fetus. Méallory’s trichrome stain. 
(Section cut at slightly higher level on L.) (x 4}.) 


Right recurrent laryngeal nerve 
Left recurrent laryngeal nerve 
Fic. 203.—T.S. at level of lower poles of the thyroid gland of 7 months’ human fetus. Van Gieson’s stain. 
(Section cut at slightly higher level on L.) (x 4}.) 





ANATOMY OF THE RECURRENT LARYNGEAL NERVE 155 


ietween the anterior and posterior surfaces of the state the number of cases in which this was found. 
trachea. Higgins (1927), and King and Gregg (1948) The findings given by Berlin (1935) in a series of 
gate that it is more common to find the nerve in the dissections and operations have been combined with 
iss protected position on the right, but they do not the present observations and are given in Table I. 


Branches of right inferior thyroid artery 
Right recurrent laryngeal nerve 
Left recurrent laryngeal nerve 
Left inferior thyroid artery 


Fic. 204.—T.S. at level of the isthmus of the thyroid gland of 7 months’ human fetus. Glees’ stain. 
(Section cut at slightly higher level on L.) (x 4}.) 


Right recurrent laryngeal nerve 
Left recurrent laryngeal nerve 
Inferior thyroid artery 


Fic. 205.—T.S. above the isthmus of the thyroid gland of 7 months’ human fetus. Méallory’s trichrome stain. 
(Section cut at slightly higher level on L.) (x 4}.) 
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It will be seen that although the nerve tends to be 
more exposed on the right, the differences are not 
statistically significant. 

3. Point of Entry of the Nerve and its 
Branches into the Larynx.—In every case the 
nerve or most of its branches entered the larynx 
immediately behind the inferior cornu of the thyroid 


Fic. 206.—Drawing of larynx seen from behind after 
division and reflection of the inferior constrictors of the 


pharynx. The left lamina of the thyroid is dislocated laterally. 
Note the point of entry of the divisions of the left recurrent 
laryngeal nerve below the inferior constrictor; on the right 
the nerve pierces the lowermost fibres of the muscle. 


cartilage at or just above the lower border of the 
inferior constrictor of the pharynx (Fig. 206). This 
accords with a large number of observations ; 
amongst them are those of Dilworth (1921), Higgins 





Table I.—THE RELATIONSHIP OF THE RECURRENT 
LARYNGEAL NERVE TO THE TRACHEO-C2SOPHAGEAL 
GROOVE 

Number of Nerves in 
Tracheo-esophageal Groove 
, Right Left 
Berlin (1935) :— 





Dissections 42/70 49/70 

Operations 8/37 10/35 

Bowden 23/27 26/28 
85/133 


73/134 








61/134 


i.e., number in more vulnerable position 48/133 


(1927), Fowler and Hanson (1929), Lahey (1932 and 
1938), Ziegelman (1933), Berlin (1935), Rustad (1954). 

4- Relation of the Nerve to the Lateral 
Ligament of the Thyroid Gland.—In view of the 
marked alteration in texture of the fascia in injected 
cadavers only the nine fresh post-mortem specimens 
were considered in this part of the investigation. 
On the right four nerves were within the lateral 
ligament and the remainder were either medial or 
lateral to it. Two out of nine nerves on the left 
ran in the ligament. Berry (1888) stated that the 
recurrent laryngeal nerve lay in immediate contact 


JOURNAL OF 


Internal laryn- 
geal branch of 
superior laryn- 
geal nerve 


Communication 
between internal 
and recurrent 

laryngeal nerves 


Recurrent 
laryngeal nerve 








SURGERY 








with the posterior and outer surface of the lizamey 
but a more variable relationship was given b , Berj 
(1935). From Table II it will be seen that in aby 
a quarter of the cases the nerve ran through 
ligament and that there was no significant differen, 
between the relationships on the left and right sidg 

5. Penetration of the Thyroid Gland by ¢, 
Recurrent Laryngeal Nerve.—No evidence , 
penetration of the gland by the recurrent larynge, 
nerve was found in this investigation, although ; 
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Fic. 207.—Drawing of right recurrent laryngeal nerve grossly 
distorted by a small thyroid adenoma. 







one case the nerve was distorted by a small adenom 
(Fig. 207). Berlin (1935), and Armstrong and Hinton 
(1951) reported penetration of the gland by the nerve, 
but the rarity of this phenomenon is shown by Tabi 






Table II.—NUMBER OF RECURRENT LARYNGEAL NERVES 
TRAVERSING THE LATERAL LIGAMENT OF THE ‘THYROID 





GLAND 
Right Left 
Berlin (1935) :— 
Dissections 19/70 16/70 
Operations 24/37 21/35 
Bowden 4/9 3/9 


40/114 

















Table III].—PENETRATION OF THYROID GLAND BY 
THE RECURRENT LARYNGEAL NERVE 






































NUMBER PARTIAL 
OF PENETRATION 
AUTHOR NERVES oF GLAND 
EXAMINED — 
Right |_Left_ 
Armstrong and Hinton (1951) 40 6 _— 
Berlin (1935) 212 23 9 
Bachhuber (1943) 200 —_ - 
Dilworth (1921) 66 os — 
Fowler and Hanson (1929) 400 * _ 
Nordland (1930) 100 _ - 
Reed (1943) 506 — - 
Rustad (1954) 200 _ - 
Sunderland and Swaney (1952) 130 —_ _ 
*+Weeks and Hinton (1942) 38 _ - 
Ziegelman (1933) 42 — - 
Bowden 57 = _ 
1991 29 9 




















* Partial penetration of gland capsule reported. 

* + Discrepancy between text and tables in original, 
figures in this table differ from those found in authors’ 
agree with text. 

Summary: Penetration reported in total of 38 nerves out 0! 199!- 
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- It will be seen that Fowler and Hanson (1929) _ be noted that an aberrant nerve is more common on 
4 one case in which the nerve ran through the the right. This will be discussed later. On the 
ule of the gland for a short distance; and in left-hand side the nerve is most likely to be posterior 
wher of their cases the nerve ran between the to the artery and least likely to be anterior. Since 


Table IV.—RELATIONSHIP OF THE RECURRENT LARYNGEAL NERVE TO THE 
INFERIOR THYROID ARTERY 

















dence () EE A Sess ese eS ee r sh sre a a nm 
hough a me. ANOMALIES ANTERIOR POSTERIOR INTER- 
— OF Aberrant Absent po. ARTERY MINGLED 
NERVES Right Nerve Artery 
*Armstrong and Hinton (1951) 100 _ —_ 34 43 23 
Bachhuber (1943) 200 _ oe 29 88 83 
Berlin (1935) 140 — — 45 75 20 
Berlin and Lahey (1929) 44 a “= 22 22 os 
Fowler and Hanson (1929) 400 _ — 104 262 34 
tNordland (1930) 62 = I 22 1s 24 
Reed (1943) _ 506 3 — 94 198 211 
tWeeks and Hinton (1942) 38 — — 18 18 2 
Williams (1951) 60 _— — 24 36 — 
Ziegelman (1933) 42 _ oo 17 12 13 
Bowden 58 I 2 II 24 20 
1650 4 3 420 793 430 























* Inferior thyroid artery from left common carotid artery. , 
+ Figures differ from Nordland’s because all cases with intermingling of branches are grouped together. 
t Figures given by Weeks and Hinton in text have been used. 


min body of the gland and a posterolateral extension there is considerable variation between the relation- 
the medial third of the lateral lobe, thus giving a__ ship of vessels and nerves it is important to know the 
se appearance of penetration into the substance of likelihood of finding similarities on the two sides. 
grossly [ie thyroid. This point has been studied in the present investigation 


rs Table V.—RELATIONSHIP OF THE RECURRENT LARYNGEAL NERVE TO THE INFERIOR THYROID ARTERY 


Hinton 


















































































































































e nerve, TOTAL ANOMALIES ANTERIOR POSTERIOR INTERMINGLED WITH VESSELS 
y Table a NUMBER TO ARTERY TO ARTERY 
¢ . UTHOR OF ; 
NERVES Aberrant Absent : ; Right Left 
NERVES Rt. Nerve Artery Right | Left | Right] Left yom Vein yom Vein 
THYROD : 
Amstrong and Hinton (1951) 100 _— _ 20 14 16 27 14 a 9 _ 
chhuber (1943) 200 _ — 18 II 33 55 I 48 I 33 
lin (1935) 140 — — 28 17 31 44 II oo 9 — 
krlin and Lahey (1929) 44 _ _ 18 4 3 19 — — — = 
ordland (1930) 62 _— I 13 9 5 10 12 a 12 - 
Reed (1943) 506 3 — 65 29 68 130 117 — 94 _ 
eeks and Hinton (1942) 38 — _— II 7 7 II — — 2 —_ 
iegelman (1933) 42 -- — 9 8 6 6 & we 5 = 
Bowden 58 I 2 8 3 9 I$ II — 9 _ 
1190 4 3 190 102 178 317 174 48 141 33 
) BY 
6. Relations of the Recurrent Laryngeal and also by Nordland (1930) and Reed (1943) (Table 
~  @rerves and Inferior Thyroid Vessels.—The VJ). Itwill be seen that out of 311 cases symmetrical 
- middle and inferior thyroid veins were found to lie arrangements were found in about one-third of the 
D> ma plane anterior to the nerve in all the cases cases. The exact relationship between the branches 
— vestigated personally. The relationship of the 
= eve to the arteries varied. The artery may lie Table Va.—RELATIONSHIP OF THE RECURRENT 
. osterior or anterior to the nerve, or the main trunk LARYNGEAL NERVE TO THE INFERIOR THYROID 
. of the nerve or its branches may be intermingled with VESSELS . 
2 the terminal branches of the inferior thyroid artery. Right = Left 
- "i , ° , Aberrant nerve 4 _ 
. en left and right sides are both considered Absent artery _ 3 
: ogether it will be seen from Table IV that the nerve Nerve anterior to artery 190 102 
. : : . Nerve posterior to artery 178 317 
. is most likely to lie posterior to the artery. The Nerve intermingled with vessels 222 174 
2 chance; of finding the nerve anterior to the artery oe a 
or intermingled with the branches of the vessels are 
——  ffqual. When an analysis was made between the 
, telationships on the right and left sides (Table V, of the nerve and of the artery are extremely difficult 
which is summarized in Table Va) it was found that to follow since the artery may be absent, may divide 
nerefor on th right side there are almost equal chances of into two main branches well lateral to the gland, or 
ne findin - the nerve anterior, posterior, or intermingled may have as many as four to six terminal branches ; 
1991. BWith he branches of the artery. However, it will while the nerve itself may be undivided as it enters 
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into the larynx or it may have as many as six branches. 
This, it will be seen, gives a possibility of sixty 
different types of relationship, a number greater than 
that found by Reed (1943). Although it is impractic- 
able to follow through this detailed arrangement, it is 





Fic. 208.—Drawing to show forward dislocation of the right 
lobe of the thyroid gland, producing deflection of the nerve by 
traction from branches of the artery. 


important to note in certain cases the intermingling 
of the nerve with branches of the arteries causes 
considerable distortion of the nerve, sometimes in 


Table VI.—SYMMETRICAL RELATIONSHIP BETWEEN 
RECURRENT LARYNGEAL NERVES AND INFERIOR 
THYROID ARTERIES OF LEFT AND RIGHT SIDES 


Number of Cases with 





Author Symmetrical Arrangement 
Nordland (1930) 8/31 
Reed (1943) 86/253 
Bowden 5/27 
99/311 








the undisturbed state and at others only when the 
gland is dislocated forward at operation (Fig. 208). 
In this particular post-mortem specimen the artery 
had of course been divided and was quite free at its 


Table VII.—NUMBER OF RECURRENT LARYNGEAL NERVES 
WITH EXTRALARYNGEAL BRANCHES TO LARYNX 


Number of Nerves 


Author with Branches 





Armstrong and Hinton (19§1) 73/100 
Berlin (1935) 2/72 
Dilworth (1921) 66/66 
King and Gregg (1948) 12/43 
Nordland (1930) 2/62 
Reed (1943) 27/506 
Rustad (1954) 86/100 
Sunderland and Swaney (1952) 91/130 
Weeks and Hinton (1942) 33/41 
Bowden 42/54 
434/1174 








lateral extremity. It is clear that at operation, where 
the vessel is tethered, the risk of kinking would tend 
to be greater. 

7. Branching of the Recurrent Laryngeal 
Nerves.—Branches are invariably given to the 
trachea and cesophagus. However, in addition to 
these, there may be extralaryngeal branches of the 
recurrent nerves which are distributed to the larynx 
itself. From Table VII it will be seen that over a 
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third of the specimens reported show such ¢ proug!? 
laryngeal branching. The number of branc! es while Midd 
may be given off is important and it will be seen thi repor' 
out of three hundred nerves which were stucied frogimrtery 2°" 
this point of view, the greater proportion divides 
into two, but Rustad (1954) reports one case in whid 
six extralaryngeal branches were found (Table VJJ; 


Table VIII.—EXTRALARYNGEAL BRANCHES OF THE 
RECURRENT NERVES SUPPLYING THE LARYNx 

















a 
NUMBER OF 
NERVES WITH | NUMBER OF Brancuy 
AUTHOR EXTRA- 
LARYNGEAL 
BRANCHES 
TO LARYNX 2 3 1456 
Armstrong and Hinton 
(1951) 73 48/19] siri- 
Dilworth (1921) 66 66 | — | — /—|- 
Weeks and Hinton (1942) 33 31 2]|—/—|- 
Rustad (1954) 86 67 9 712i 
Bowden 42 33 4 s |—|- 
300 24S | 34 | 17/3): 




















Symmetrical unbranched nerves were found to enter 
the larynx in 35 out of 126 subjects (Table 1X). | 
will be seen from Table X that there are almost equa 
chances of the laryngeal branches being formed in 
relation to the middle third of the gland, and in 
relation to, or below, the lower third. They are least 
likely to form in association with the upper third. 
Sunderland and Swaney (1952) reported one instance 
in which this branching occurred 4 cm. below the 
lower border of the inferior constrictor of the pharynx. 

8. Inferior Thyroid Artery.—In the 19 injected 
cadavers the inferior thyroid artery arose from the 
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looped 


Table IX.—SYMMETRICAL UNBRANCHED RECURRENT 
NERVES ENTERING THE LARYNX 





Number of , 

. Symmetrica 

Author Number of “Unbranched 

a Nerves to 
Larynx 
Rustad (1954) 100 35 
Bowden 26 

126 35 








thyrocervical trunk in all but one case, where it was 
absent on the left-hand side. In 1 case out of 1, 
including the 9 fresh post-mortem specimens and 
2 injected specimens, the artery was found to be 
absent on the left side again. It is difficult to assess 
the incidence of absence of the artery exactly since 
anomalies are often reported without reference to 
the number of normal subjects which have also been 
examined. However, from Table XI it will be seen 
that the artery was absent 7 out of 473 times on the 
right and 15 out of 469 times on the left. In this 
same series of cases the thyroidea ima was found 7 
times, and the left inferior thyroid artery arose from °f & 
the common carotid in 1 instance reported by Arm- 
strong and Hinton (1951). Rarely the _ inferior 
thyroid artery may arise from the innominate artery; 
the transverse cervical, suprascapular, verteb 

internal mammary artery, or directly from th arch 
of the aorta or subclavian trunk. These abnormalities 
were not present in the group shown in Tab! XI. 
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the courtesy of Professor E. W. Walls, of did so, one on the right and the other on the left. 
1e Middlesex Hospital Medical School, it is possible Such an arrangement suggested, at first sight, that 


» report a case in which the right inferior thyroid there was an additional inferior thyroid artery (Fig. 
ery arose directly from the subclavian artery and 210). In the present series considerable variation 


5"Cerv:Trans.Process 


Asc.Cervical A. 


Phrenic nerve 


Vertebral A. = 


Sympathetic Trunk 


3 I e 
inf. Thyroid Rec. Laryngeal nerv 


Vagus nerve 


FiG. 209.—Drawing of an anomalous right inferior thyroid artery arising directly from the subclavian and passing behind 
the vertebral artery which enters the foramen transversarium of the sth cervical vertebra. Note the normal course of the 
recurrent laryngeal nerve. 


passed behind the vertebral artery, and entered the in calibre of the inferior thyroid arteries was found, 
gland anterior to the recurrent laryngeal nerve, which and in two, as has already been mentioned, it was 
looped round the subclavian artery in the usual absent on the left side (Table XJ), (Fig. 211, A, B, C). 


Table X.—SITE OF FORMATION OF EXTRALARYNGEAL BRANCHES OF RECURRENT LARYNGEAL NERVE 
TO LARYNX IN RELATION TO THE LATERAL LOBE OF THYROID GLAND 


Numser or NERvES Sire OF BRANCHING 


WITH EXTRALARYNGEAL 
BRANCHES TO LARYNX At or below 
lower one-third 





Middle one-third Upper one-third 








Armstrong and Hinton (1951) 73 _ 45 
Dilworth (1921) 66 66 — 
Weeks and Hinton (1942) 33 16 14 
Rustad (1954) 86 18 47 
Bowden 42 14 27 











300 114 133 











manner (Fig. 209). A double inferior thyroid arising 9. Anomaly of the Recurrent Laryngeal 
from the thyroid axis was reported by Lambert Nerve.—An anomalous right recurrent laryngeal 
Rogers (1929). An additional accessory inferior nerve is depicted in Fig. 212; the nerve, which was 
thyroid artery may arise from the common carotid 
according to Poirier and Charpy (1912). They and Table XI.—ABSENCE OF THE INFERIOR THYROID ARTERY 
Testut (1911) also give an account of all possible Author Right Left 
origins of the thyroidea ima when this is present. Adachi (1928) | i 5/145 12/14 
There is considerable variation in the arrangement cee) ty te .) . oleae 
of terminal branches of the inferior thyroid arteries Nordland (1930) 1/31 0/31 
which are distributed to the posterior and lower parts } a yaaa ed een atee 
of the gland, to the cesophagus, trachea, and larynx. 
The primary division of the artery usually takes place 47S ESIGD 
just la‘eral to or behind the thyroid gland, but in 
} one of the injected cadavers the vessel divided into short and stout, came off the main trunk of the vagus 
Wo pcimary divisions just medial to the carotid at about the level of the cricoid, and passed behind 
sheath on both sides and in two others one vessel the common carotid artery to enter the larynx directly. 
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It lay superficial to and parallel with the inferior 
thyroid artery. This anomaly was associated with 
a right subclavian artery which arose as a separate 
entity from the posterior aspect of the aortic arch 





FIG. 210.— Drawing of the left inferior thyroid artery arising 
in the usual manner, but dividing into two primary divisions 
immediately medial to the carotid sheath, which is shown by the 
dotted line. 


just distal to the origin of the left subclavian artery. 
It passed upwards and to the right behind the 
cesophagus, to emerge into the root of the neck from 
the usual position behind scalenus anterior. Two 


Fic. 211.—A, Drawing of specimen in which the left inferior thyroid artery was absent. 
artery and numerous veins draining the gland, and the position of the recurrent nerve. 


artery of unusually large calibre. 
inferior thyroid artery and branches of varying calibre. 
line indicates the medial border of the carotid sheath. 


similar cases have been noted in the past in the 
Department of Anatomy of the Royal Free Hospital 
School of Medicine, and it was estimated that the 
incidence was roughly 1 in 200 (Lucas Keene and 
Dickson, personal communication). This vascular 
anomaly of the right subclavian artery is frequently 
associated with abnormalities of the right recurrent 
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laryngeal nerve. The incidence of an anoma ous right 
subclavian artery arising from the arch of the ao 

distal to the left subclavian can be gaured frog 
Table XII. Earlier writers such as Holzap/el (1899) 
gave the incidence as 6 in 1000 cases, and Thane (189) 
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Table XII.—ANOMALOUS RIGHT SUBCLAVIAN ArtERy 
ARISING FROM THE AORTA DISTAL TO THE OnriGix 
OF LEFT SUBCLAVIAN 


Total Ano nalous 
Author Number Right 
of Subclavian 
Bodies Artery 
Adachi (1928) 516 I 
Bradley (1871) 120 2 
Cairney (1925) 203 2 
de Garis (1932) 139 I 
Goldbloom (1922) 225 4 
Harvey (1917) 237 2 
Hudson (1921) 70 I 
Thomson (1893) 500 5 
Williams, Aff, Schmeckebier, 
Edmonds, and Graul (1932) 159 4 
2169 22 








as 4 in 1000. The abnormality is said to be mor 
frequent in negroes than in whites, but the evidence 
is rather slender. The relationship of the righ 
recurrent laryngeal nerve to this anomalous vessel 
has been studied in some cases, and Hooper (1887) 


B 
gea 
lou 
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Cc repo 
193: 
men 
Cair 
the 
subc 
dors 
Note the large superior thyroid the 
B, Drawing of left inferior thyroid | 
The dotted line indicates the medial border of the carotid sheath. C, Drawing of left aror 
Note the relationship to the recurrent laryngeal nerve. The dotted sur 
fail 
: : : ; into 
wrote one of the earliest reviews on this subject.§ jc , 
Holzapfel (1899) described eight variants of this} fac 
anomalous subclavian artery. He reviewed the} wo 
literature and reported that the right vagus nerve" sur, 
usually passed anterior to the right subclavian artety |, ryp 


at the thoracic inlet. The recurrent laryngeal nerve@ 4. 
might loop around this vessel, the inferior thyroid, rep 
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or the right vertebral artery if the latter came off 
the common carotid artery ; or in other cases it might 

ss directly into the larynx without recurrence. 
Thane (1892) also stated that in cases of anomalous 
right subclavian artery where the right vertebral came 
of the common carotid, the recurrent nerve invariably 
joped around the vertebral artery. However, the case 


Fic. 212.—Drawing of an aberrant right recurrent laryn- 
geal nerve passing directly into the larynx. Note the anoma- 
lous right subclavian artery. (An accessory vertebral artery 
arose from the right common carotid. There was no direct 
relationship with the aberrant nerve.) 


reported here and another recorded by de Garis 
1932) show that there are exceptions to this state- 
ment. In a later review than that of Holzapfel, 
Cairney (1925) reported further cases and discussed 
the theories of causation. The abnormality of the 
subclavian is thought to be due to a persistent right 
dorsal aorta, with failure to survive of part or all of 
the fourth right aortic arch. Where the nerve loops 
around a vessel, it is thought that part of the arch 
survives and is included in that vessel, and in total 
failure of the fourth arch, the nerve passes directly 
into the larynx. A brief account of the mechanism 
i$ given by Keith (1948). Whatever the causal 
factor. it is clear that the aberrant recurrent nerve 
would be in a most vulnerable position in thyroid 
) Surgery. The case recorded here had the nerve 
tunniig in front of the inferior thyroid artery, 
a in the case of Milianitch (1924). Reed (1943) 
fepor's one in which it lay behind the inferior 
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thyroid artery as well as the common carotid. 
Pemberton and Beaver (1932) described a case in 
which the aberrant nerve lay anterior to the carotid 
artery and then passed deeply to enter the larynx 
caudal to the inferior thyroid artery. In this position 
there would be grave risk of injury to the nerve during 
the exposure of the gland at operation. Work (1941) 
reported a case in which the anomalous nerve on the 
right was intimately related to the capsule as it lay 
in a deep notch on the posterior surface of the gland. 
The aberrant nerve-trunk may be fairly stout, or it 
may consist of several filamentous strands (Harvey, 
1917). Thane (1892) states that the anomaly of the 
subclavian has been found on the left side in a case 
with a right aortic arch. 


DISCUSSION AND CONCLUSIONS 


The variations in the position, branching, and 
relations of the recurrent laryngeal nerve have an 
important bearing upon the safety of the nerve during 
the exposure and mobilization of the gland, particu- 
larly the lower two-thirds, and in the various stages 
of securing hzmostasis in partial and complete 
thyroidectomy. The one constant relation of the 
nerve in the field of operation is its point of entry 
into the larynx behind the inferior cornu of the 
thyroid cartilage. 

Although the recurrent laryngeal nerve lies in a 
fascial compartment it may be outside the tracheo- 
cesophageal groove, a point to be remembered during 
the exposure of the lower poles of the gland. Whilst 
the nerve is more commonly damaged on the right 
in the dissecting room, presumably on account of 
the slightly greater tendency for the nerve of this 
side to be in the more exposed position, there was no 
evidence to support this observation in eight succes- 
sive cases of laryngeal nerve palsy. However, this 
number is too small and such variants as the presence 
of adenomata and retrosternal extensions of the gland 
(Levitt, 1954) would complicate the picture in 
clinical practice by producing gross deviations in the 
course of the nerve. In mobilizing the gland the 
relationship of the nerves both to the lateral ligaments 
and the vessels is important. It has been shown that 
the nerve may be deflected by passing through the 
lateral ligament or it may be distorted at the moment 
of forward dislocation of the gland during operation 
by its relationship to this ligament or to the inferior 
thyroid vessels. The risk of suddenly distorting or 
injuring the nerve during mobilization is enhanced in 
those cases with a retro-cesophageal or a retro- 
pharyngeal extension of the gland, which is often 
found in the normal state (Fig. 213) and is well known 
to all surgeons. This distortion of the nerve can 
occur even when the inferior thyroid vessels have 
been divided and are free laterally (Fig. 208), but 
it would appear that from the point of view of mini- 
mizing the risk of trauma by kinking, division of the 
inferior thyroid artery rather than ligation in con- 
tinuity has little to commend it, for in dividing the 
vessel further damage may be inflicted on the nerve, 
particularly if it is lying out of the tracheo-cesophageal 
groove or is aberrant. The possibility of an aberrant 
course for the nerve must be borne in mind, since 
the vascular anomaly with which it is associated is by 
no means rare, and it cannot be diagnosed before 
operation by routine clinical methods. Angiography 

12 
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is unjustifiable as a routine measure, and signs and 
symptoms such as unequal radial pulses (Harvey, 
1917), and dysphagia (Hoover, 1941) are inconstant 
and non-specific (Cairney, 1925). The aberrant 
nerve has been known to be divided in error at 
operation and it would seem advisable to identify 
the inferior thyroid artery with certainty by feeling 
for the pulsation before tying the ligature. Whilst 





FIG. 213.—T.S. passing through the cricothyroid joint on the left and immediately above on the right. 
extensions of the upper poles of the thyroid gland. Seven months’ human fetus. 


placing the ligature on the inferior thyroid artery 
as far laterally as possible safeguards the nerve in all 
but the aberrant cases, there is still a risk of damaging 
the nerve when securing bleeding points on or near 
the gland at a later stage of the operation. The 
anastomotic circulation of the thyroid is particularly 
rich, and as Wangensteen (1929) has shown, the 
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In order to minimize the risk of dama 


© tO thal always 
nerve Lahey (1938) and others have advo. ated risk of 
identification and dissection of the laryngeai nerye jj operat 


all cases of thyroidectomy. “‘ We have repeateg 
located the recurrent laryngeal nerve in the cellyly 
tissue below the inferior thyroid artery by palpating 
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it somewhat on the stretch.” The point of entry ¢j studies 
the nerve into the larynx was then found just behin/ recurt 
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Left recurrent laryngeal nerve . 

Note retropharyngeal the 
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disc 

the inferior cornu of the thyroid cartilage, and th 

course of the nerve was determined by laying a clip | 
down from this point to the lower one where th§ De; 
nerve had been identified. Lahey pointed out tha Mr 
the nerves might sometimes be embedded in or over-B Ma 
lapped by thyroid tissue ; he discussed the relations § J, | 
of the nerve to the vessels and he considered tha} Wa 
occasionally the nerve might split into one relatively§ anc 


vascular bed of the gland may be filled through 
anastomotic channels after ligation of the superior 
and inferior thyroid vessels of both sides. When 
artery forceps are applied to the vessels close to the 
gland before and after excision of thyroid tissue, the 
nerve may be caught, particularly where the nerve 
trunk or its branches are intermingled with, or lying 
anterior to, the vessels (see Table Va). It will be 
recalled that these two types of relationship between 
the vessels and nerves together account for about 
half the cases which have been studied. 

One source of danger to the nerve does not seem 
to have received due regard, and that is the possibility 
of including the branches or main trunk of the nerve 
in the suture of the raw surfaces of the gland. The 
nerve would be particularly vulnerable in the rare 
cases where it penetrated the gland, or in the more 
common cases where it was angulated forward and 
held closely to the gland by either the lateral ligament 
or the branches of the vessels. 





large branch and another smalier one. However,® Bar 
as a result of accumulated observations the picture® hel 
is now known to be rather more complex. The 
multiple civisions of the nerve and the great variations 
of relationship between the nerve and the inferior 
thyroid artery and its branches would suggest thatR ap 
although identification, especially by palpation, 1s 
wholly desirable, dissection is impracticable in a larg¢§ Ar 
proportion of cases. Indeed, Rustad (1954) con- 
cluded that operative dissection not only gave a false 
sense of security but also increased the risk of damage 

to the nerve and its branches. 

From a consideration of the anatomical features 
alone, the conditions of safety would seem to be any 
measure which reduced hemorrhage, the use 
fibrin foam rather than clips and sutures on the 
surface of the gland wherever this is practicable, 
and above all ‘eternal vigilance’. Even when every§ 
precaution is taken it is probable that there will 
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always be a small but inevitable and unavoidable 
risk of damage to the recurrent laryngeal nerve in 
operations on the thyroid gland. 


SUMMARY 


1. The arrangement of cervical fascia has been 
sudied in relation to the thyroid gland and the 
recurrent laryngeal nerves. 

2. The relationships of the recurrent laryngeal 
nerve to the trachea and cesophagus are variable, the 
tendency to lie in a more vulnerable position is 
greater on the right side. 
~ 3, At least one-third of the recurrent nerves have 
extralaryngeal branches destined for the larynx and 
the position of the nerve tends to be more variable 
in these cases, although in all cases the main point of 
entry into the larynx is behind the inferior cornu 
of the thyroid cartilage. 

4. The relationship between the arteries and 
nerves is variable. On the right side there are equal 
chances of finding the nerve anterior, posterior, or 
intermingled with branches of the vessels. On the 
left it is most likely to be posterior to the artery and 
least likely to be anterior to the artery. 

5. The relationship between the branches of the 
nerve and terminal branches of the artery is markedly 
variable. 

6. The nerve may be deflected in its course when 
the gland is dislocated forward, more commonly by 
reason of its intimate relationship with the branches 
of the inferior thyroid artery or by virtue of its 
passage through the lateral ligament, and more rarely 
because the nerve penetrates the substance of the 
gland. 

7. The recurrent laryngeal nerve may be aberrant 
in cases of an anomalous right subclavian artery. 
An attempt has been made to assess the incidence of 
the anomaly. 

8. The surgical implications of these variations are 
discussed. 
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Mrs. A. Besterman for the drawings ; Mr. William 
Matthews for the histological preparations; Mr. 
J. F. Crane for the photographs ; Professor E. W. 
Walls for Fig. 209 and for reading the manuscript ; 
and to my colleagues, particularly Miss Geraldine 
Barry, senior surgeon of the Royal Free Hospital, for 
helpful discussions and criticisms. 
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INTRODUCTION 


WHILST it is recognized that damage to the recurrent 
laryngeal nerves is one of the major hazards of thyroid 
surgery, opinion as to the advisability of deliberately 
exposing the nerves when thyroidectomy is per- 
formed is still sharply divided. Bier and his co- 
editors, in their Chirurgische Operationslehre, recom- 
mended dissection of the recurrent nerves at operation 
in 1914, and this practice was discussed, but con- 
sidered to be inadvisable, in A System of Operative 
Surgery edited by Burghard in the same year. In 
1918 Judd, New, and Mann showed that the re- 
current nerves of dogs could be handled without 
fear of damage; yet the routine exposure and 
visualization of the recurrent nerves at thyroidectomy 
was not undertaken on a large scale until 1935, when 
surgeons at the Lahey Clinic began the practice of 
demonstrating the nerves in practically all thyroid 
operations, and showed thereby a marked reduction 
in their figures for nerve injury following thyroidec- 
tomy. Crile (1929) had stated that, in man, the 
recurrent nerves were unlike other peripheral 
nerves in that they were ‘ naked’, and liable to 
damage by the slightest pressure or by the formation 
of scar tissue after exposure. This statement, which 
is still accepted in many quarters, was vigorously 
denied by Berlin (1935) and by Lahey (1938), who 
claimed that the recurrent nerves were no different 
from other peripheral nerves, either in histological 
structure or in behaviour, and could be handled 
with impunity. 

The sustained advocacy of the dissection of the 
nerves at thyroidectomy by Lahey has undoubtedly 
influenced surgical practice profoundly, but opinion 
is far from unanimous. Prioleau (1933) condemned 
nerve dissection out of hand, and dogmatically 
asserted that ‘ it is an axiom in thyroid surgery that 
a recurrent laryngeal nerve seen, is injured’. 
Hertzler (1938) stated that while he recognized that 
it was a sound surgical practice to safeguard impor- 
tant structures in or near the operative field by 
exposing them, he had given up the practice of 
dissecting the recurrent nerves because he con- 
sidered it harmful to remove the capsule of the nerve 
and expose its fibres to the exudate in the wound ; 
he claimed that temporary disturbance of the cord 
function frequently followed dissection. These 
views are shared by many other American surgeons 
at the present time (Smith, 1954). 

In Great Britain dissection of the recurrent 
nerves at operation has never been generally accepted. 
Joll (1932), with his unrivalled experience of thyroid 
surgery, considered it unnecessary provided that a 
wedge of the posteromedial portion of the gland was 
left in situ, and the inferior thyroid artery was 
ligated as close to the common carotid artery as 
possible. Piercy (1950), drawing from the experience 
of the New End Thyroid Clinic, considered that 
isolation of the nerve in every partial thyroidectomy 
was a dangerous teaching, which could lead more to 


damage than to safety of the nerve. On the othe 
hand Riddell, in a discussion at the Royal Society of 
Medicine (1949), stated that he had adopted nery 
dissection, and strongly condemned what he terme) 
‘blind’ thyroidectomy. Rundle (1951) also recom. 
mends routine dissection and identification of the 
recurrent nerves as a standard technique for subtota! 
thyroidectomy. 

It is claimed for routine exposure of the nerve 
that not only does it safeguard the nerves at open- 
tion, but that the careful dissection entailed ensures 
that adequate thyroid tissue is excised, that hemo- 
stasis is more easily and certainly secured, and that 
the parathyroid glands are less likely to be removed, 
Against routine dissection it is argued that the nerves 
are not in danger if due care is exercised at operation, 
and that temporary or even permanent damage to the 
nerve may result from its disturbance during 
exposure. 

The primary purpose of this paper is to assess 
the risks of damage to the recurrent nerves at 
thyroidectomy, and to identify the factors responsible 
for placing the nerves in danger. Secondarily to 
this, it is hoped to obtain information as to whether 
or not impairment of nerve function follows adequate 
dissection of the nerve at operation. 


METHOD OF STUDY 


A series of 100 patients submitted to subtotal 
thyroidectomy for simple or toxic goitre, in which the 
recurrent laryngeal nerve was dissected out on both 
sides, has been studied. Operations on patients with 
evidence of existing nerve lesions, and operations in 
which, for any reason, both nerves were not visualized, 
have been rejected, but apart from this the study 
represents a consecutive series of thyroidectomies 
carried out by one individual surgeon. 

Operations.—The operations were performed at 
the United Cardiff Hospitals, and at three hospitals 
in the Pontypridd and Rhondda district. It is note- 
worthy that approximately one-half of the patients 
came from the upper parts of the Rhondda Valley. 
A general anesthetic with endotracheal intubation 
was used in all cases. The pretracheal muscles were 
separated vertically in the midline, and, if it was 
considered necessary for adequate exposure, the 
muscles were cut without hesitation on one or both 
sides. The recurrent laryngeal nerve on each side 
was dissected out from its entry into the operative 
field at, or below, the level of the inferior pole of the 
thyroid lobe to its disappearance into the larynx 
beneath the inferior constrictor muscle. In some 
cases the nerve had to be mobilized from the goitre 
by sharp dissection in order to secure an adequate 
resection of the gland. 

Operation Records.—At the end of every 
thyroidectomy an immediate note was made of the 
following points :— 

1. The age and sex of the patient. 

2. The type of goitre, and its size. 
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RECURRENT LARYNGEAL NERVES AT THYROIDECTOMY 


. The course of each recurrent laryngeal nerve, 
its relation to the thyroid gland, to the fascial envelope 
of the gland, and to the inferior thyroid artery and 
its main divisions and branches. 

4. An opinion as to the vulnerability of each 
recurrent laryngeal nerve in any part of its course, 
and if considered vulnerable, an opinion as to the 
site and cause of the danger, and whether the danger 
was absolute or not. 

Some of the terms used in these records need 
to be defined. 

1. The type of goitre: For the purpose of descrip- 
tion the goitre was placed in one of three categories :-— 

a. Parenchymatous—in which there was a diffuse 
thyroid enlargement without toxic symptoms. 

b. Diffuse toxic—in which there was a diffuse 
thyroid enlargement with toxic symptoms present. 

c. Nodular—in which the goitre presented a gross 
nodular appearance regardless of the presence or 
absence of toxic symptoms. 

2. The size of the goitre: The goitre was graded 
as large or moderate in size. Any goitre, the resected 
portion of which weighed more than 8 0Zz., was 
graded as large. All other goitres were graded as 
moderate. 

3. Vulnerability: The criterion of vulnerability 
was whether or not the nerve would have been 
damaged, in the course of an adequate resection for 
that particular goitre, by a careful and competent 
surgeon who had not visualized the nerve throughout 
its course in the operative field. 

Each recurrent laryngeal nerve was placed in one 
of three categories :— 

a. Non-vulnerable—in which the nerve was in 
no danger of damage. 

b. Vulnerable—in which the nerve stood in grave 
danger of damage. 

c. Absolutely vulnerable—in which it was felt that 
under no circumstances could the nerve have 
escaped damage, unless it had been visualized and 
specifically avoided. 

4. The site of vulnerability: The course of the 
nerve in the operative field was divided into three 
parts :— 

a. The lower third—which lay at or below the 
lower pole of the thyroid lobe. 

b. The middle third—which lay in relation to the 
main body of the thyroid lobe. 

c. The upper third—which lay at the superior 
pole of the thyroid lobe. 

Post-operative Examination of Cord Func- 
tion.—To be complete, a survey of the vocal cord 
function would entail a pre-operative and a post- 
operative examination of each patient; some 
authorities would insist on at least two post-operative 
examinations (Gisselsson, 1949). As nearly one- 
half of the patients in the series were operated on 
in two hospitals, neither of which received regular 
visits from an ear, nose, and throat surgeon, it was 
apparent at the start that this aspect of the study 
could not be a complete one if all the examinations 
were to be carried out by an expert and unbiased 
Observer. It was decided, therefore, to have as many 


of the patients as possible examined at different 
intervals after the operation by an ear, nose, and 
throit surgeon, and to accept any post-operative 
corc dysfunction as evidence of damage to the nerve 
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at operation. These indirect laryngoscopies were 
carried out by colleagues in the Ear, Nose, and Throat 
Department at the United Cardiff Hospitals, and no 
laryngoscopy carried out by any other person is 
included in the series. 

Even this somewhat unambitious programme 
presented considerable administrative difficulties, 
and, in the event, laryngoscopy was performed on 
only 84 of the 100 patients, the post-operative time 
interval varying from one week to two years. It is 
freely admitted that this survey is far from complete ; 
but it is felt that it does give a valuable indication 
as to the immediate and late effects on cord function 
of wide dissection of the recurrent laryngeal nerves. 


RESULTS 


The Series of 100 Thyroidectomies.— 

1. Sex and Age.—Eighty-five of the patients were 
female and 15 were male. The age groups are in- 
cluded in Table 1X. 

2. The Type of Goitre.—Seventy-one of the goitres 
were graded as nodular, 23 as diffuse toxic, and 6 
as parenchymatous. 

3. The Size of the Goitre.—Fourteen of the goitres 
were graded as large, and all of these were nodular in 
type. The remaining 86 were graded as moderate. 

4. The Relation of the Recurrent Nerve to the 
Inferior Thyroid Artery.—The inferior thyroid artery, 
as Rogers (1929) pointed out, is formed by a fusion 
between branches of the primitive retiform vascular 
system giving rise to arterial trunks. It is not 
surprising therefore to find that the arterial pattern 
shows gross variations, and that the recurrent 
laryngeal nerve, lying within this primitive vascular 
network, also shows gross variations in its relation 
to the arterial trunks when they are finally formed. 
The orthodox description of the inferior thyroid 
artery is that it turns medially behind the carotid 
sheath, and curves downwards towards the junction 
of the middle and lower thirds of the lateral lobe of 
the thyroid where it breaks up into branches which are 
distributed to the gland tissue: of these terminal 
branches there is a constant ascending branch which 
passes up, deep to the lateral lobe, to anastomose 
with the posterior branch of the superior thyroid 
artery at the superior pole. The glandular branches 
are described in Gray’s Anatomy (1954) as consisting 
of an inferior and an ascending branch, and Joll 
(1932) refers to the ascending and descending 
branches of the artery as important and almost 
constant. Both Bachhuber (1943) and Grant (1948) 
describe the inferior thyroid artery as dividing into 
an upper and a lower branch. It is certainly not 
unusual for the main arterial trunk to divide so early 
that the two main branches appear separately on the 
medial side of the carotid sheath, whilst at other 
times it divides so late that the trunk itself appears 
to be breaking up into numerous terminal glandular 
branches. Between these two extremes any inter- 
mediate variation may be encountered, and occasion- 
ally no inferior thyroid artery is present at all. 

At thyroidectomy it is possible, in the majority of 
dissections, to distinguish these two main branches 
of the arterial trunk and their terminal branches, and, 
in those cases where the main trunk breaks up in 
close proximity to the thyroid lobe, to distinguish 
terminal glandular branches at the upper and lower 
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parts of the thyroid lobe which correspond to 
the terminal branches of the main ascending and 
descending branches. In this study, therefore, for 
clarity in description, it was found convenient to 
refer to the two main glandular branches as the 
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_ iG. 214.—Diagram illustrating the nomenclature adopted 
in this investigation for the branches of the inferior thyroid 
artery. 


superior division and the inferior division of the 
arterial trunk, a terminology used by Berlin and 
Lahey in 1929, and to their terminal branches as the 
glandular branches of the superior division and of 
the inferior division (Fig. 214). 

Using this terminology, it was found that the 
relationship to the inferior thyroid artery of each 


GROUP 4 


nerve dissected could be grouped into one of eight 
main varieties which were of real surgical signifi- 
cance (Fig. 215) :— 


Group 1. Nerve superficial to the trunk or to 
the two divisions. 

Group 2. Nerve deep to the trunk or to the two 
divisions. 

Group 3. Nerve between the two divisions. 


Group 4. Nerve between the glandular branches 
of the inferior division. 

Group 5. Nerve between the glandular branches 
of the superior division. 

Group 6. Nerve between the glandular branches 
‘of both superior and inferior divisions. 

Group 7. No inferior thyroid artery present. 

Group 8. Anomalous nerve. 

In Table I the result of this grouping of the 
nerve-artery relationship is given for the left and 
right nerves separately, and for both nerves together 
expressed as a percentage. As anomalous nerves 
occurred only on the right side this group is not 
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GROUP 5 
FIG. 215.—Diagrams illustrating six of the eight significant nerve-artery relationships. 
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expressed as a percentage of the whole. 
noted that by far the commonest relationship js fo, 
the nerve to lie deep to the artery and all its branche 
(group 2); and that by far the rarest is for it to |je 
between the glandular branches of both superior anj 
inferior divisions (group 6). In 35 of the cases th 
nerve bore the same relationship to the artery op 
both sides, and again by far the commonest relatiop. 
ship was that of group 2. 

5. The Course and Fascial Relations of th 
Recurrent Laryngeal Nerves in the Neck.—The fascia) 
envelope of the thyroid gland is formed by the 
pretracheal fascia, and it is this layer which forms the 
important fascial relations of the recurrent laryngez| 
nerves. The anatomy of this layer appears to ly 
variable, so that descriptions of it often diffe 
markedly from each other. This is particularly 
so in regard to that portion which ensheathes the 
posteromedial aspect of the thyroid gland, even in 
the case of special studies of the fascial arrangemen 
in this region (Pool and Falk, 1916; Fowler and 
Hanson, 1929 ; Thorek, 1949). In the presence of 
a goitre the arrangement and relationships of the 
fascia may be grossly distorted, especially in the 
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important area lying between the inner surface of 
the thyroid gland and the trachea, so that whilst it 
is possible to give a full account of the course 0! 
the nerve as was most frequently encountered in 
this investigation, no detailed description can be 
given of the pretracheal fascia, and observations will 
be limited to the immediate relations of the nerve to 
fascia, as found at the three selected sites in its course. 

In the lower third of its course the nerve passes 
obliquely upwards and forwards, covered by a fascial 
layer of varying thickness which also encloses the 
trachea and the inferior thyroid veins. It is sut- 
rounded by areolar tissue which is particularly 
marked on the right side, where the nerve lies 
further from the trachea and cesophagus than it does 
on the left. It runs at an angle across the line of 
the trachea and cesophagus, and it is unusual to find 
it running horizontally in the groove between them. 
In the middle and upper thirds of its course the nerve 
runs parallel and closely related to the trachea, before 
arching gently backwards to enter the larynx 
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Will be {mmediately behind the inferior cornu of the thyroid itself, or lateral to the suspensory ligament and 
> is for Meartilage, which provides a very valuable landmark intimately related to the thyroid lobe. Berlin (1935), 
Tranche; bt this site. in an analysis of his dissections in the mid-thyroid 
iC tO lie 

“ior and Table I.—RELATIONSHIP OF THE RECURRENT LARYNGEAL NERVE TO THE INFERIOR THYROID ARTERY 

1S€S the IN 100 SUBTOTAL THYROIDECTOMIES 

tery on SS 

elation. — 
NERVES CASES WITH SIMILAR 

of the GROUP NERVE-ARTERY RELATIONSHIP EXPRESSED NERVE-ARTERY RELATIONSHIP 
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> fascial PERCENTAGE 


by the 


rMs the Nerve superficial to arterial trunk or to 
ryngea| its two divisions , 2 per cent 








tO be Nerve deep to arterial trunk or to its 
differ two divisions 25 per cent 


Cularly E Nerve between the two main divisions 4 per cent 


eS the Nerve between glandular branches of 
‘ven in inferior division I per cent 
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semen Nerve between glandular branches of 
er and superior division 2 per cent 


NCE ol Nerve between glandular branches of 
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In the upper third of its course the nerve almost area, gave 65 per cent of nerves as lying medial to 
invariably lies medial to a well-developed layer of the ligament, 25 per cent within the ligament, and 
fascia, the suspensory ligament of the thyroid gland, _1o per cent in close relationship to the thyroid tissue 
which attaches the middle part of the thyroid lobe lateral to the ligament. 


Table II.—ANALYSIS OF 30 VULNERABLE NERVES 
a ___________________________________+ 


SIZE OF NERVE VULNER-| NERVE-ARTERY | CAUSE OF VULNER- | SITE OF VULNER- 


TYPE OF GOITRE | Gortre ABILITY | RELATIONSHIP ABILITY ABILITY 








Diffuse toxic ' Rt. 
Nodular { Rt. 
Nodular +4 * 
Nodular { Rt. 
Nodular ' Rt. 
Nodular ' ® 
Parenchymatous { m 
Nodular 
Nodular 
Nodular 
Diffuse toxic 


Nodular 


. 
; 
— 
? 


Group 


“Pe 
>> Dim 


- 


- OO ON AYUESWNH 
Or} Or} ny ory or} Oa} ory rs SN ony 


"Tl 


ce of 
Ist it 
se of 
d in 
n be 
: will 
Ve to 
urse. 
asses 
cial 
the 
sur- 
larly 


lies Cause of Vulnerability Site of Vulnerability Size of Goitre Vulnerability 
does \, Arterial fixation 1, Lower third * Moderate V, Vulnerable 
Fascial fixation 2, Middle third + Large V+, Absolutely vulnerable 
e of |, Tunnelling 3, Upper third 
find AR, No apparent reason 


Diffuse toxic 
Diffuse toxic 
Nodular 
Diffuse toxic 
Nodular 
Nodular 
Diffuse toxic 
Diffuse toxic 
Nodular 
Nodular 
Nodular 
Diffuse toxic 
Nodular 
Nodular 
Nodular 


- 


>>> Z >> i> Pr > 
a all > 
a4 = 


| 


eobesbesk he sherbesherkeshesk ies ke bes he> 
HW ee NNW WWWWW Ne NeW NW ee NNW 


PPP PP PPT ttt ttt ttt tt ttt ee 
RUAKHWE NUSSUUUYUY HK BWWwUW ND Cornu H Ww eo 


>>> I> > I> >> >>> >yY 
































em. cricoid and upper tracheal cartilages. In its Certain important practical points emerge from 
erve third the fascial relations are less constant; this short description :— 

fore rve may lie between the suspensory ligament a. In the lower third of the course of the nerve 
‘ynx he trachea, within the suspensory ligament the fascial layer is usually thin enough to enable the 
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surgeon to palpate the nerve as a tight strand, or to 
roll it against the tracheal rings. 

b. In the lower third, exposure of the nerve is 
usually more difficult on the right side than on the 
left, owing to the larger amount of connective tissue 
in the space between the right nerve and the trachea. 

c. In the upper third, where the nerve normally 
lies medial to the tough suspensory ligament, exposure 
is more difficult than in the middle and lower thirds. 

d. In the lower and upper thirds of its course 
the nerve is usually bound to the trachea and 


Table III.—CAUSES OF NERVE VULNERABILITY AND 
THEIR INCIDENCE IN VULNERABLE SERIES 
Cause of Vulnerability Number of Vulnerable Nerves 

Arterial fixation 20 

Fascial fixation 4 

No apparent reason ; I 

Arterial fixation and tunnelling 3 

Fascial fixation and tunnelling 2 


cesophagus by a fascial layer. Fascial fixation to the 
goitre at these sites is therefore uncommon, as 
compared with the middle third of its course, where, 
according to Berlin’s figures, fascial fixation could 
occur in some 35 per cent of cases. 

The Series of 30 Vulnerable Nerves.— 

1. Vulnerability.—Of the 200 nerves dissected in 
this study, 30 were considered to be in danger at 
operation. Twenty-seven of these were graded as 
vulnerable, and 3 were graded as absolutely vulner- 
able. These vulnerable nerves are listed in Table II 
with details in each case of the age and sex of the 
patient, the type and size of the goitre, the nerve 
involved, the degree of vulnerability, the nerve-artery 
relationship, the cause or causes of vulnerability, and 
the site or sites of danger. 

2. Sex and Age.—Of the 27 patients who had 
vulnerable nerves, 24 were females and 3 were males. 
The age groups of patients with vulnerable nerves 
are included in Table 1X. 

3. The Type of Goitre—Of the 30 vulnerable 
nerves, 20 were associated with nodular goitres ; 
9 with diffuse toxic goitres; and I with a paren- 
chymatous goitre. 

4. The Size of the Goitre.—Of the 30 vulnerable 
nerves, 8 were associated with goitres graded as 
large, and 22 with goitres graded as moderate. 


Table IV.—SITE OF NERVE VULNERABILITY 


Site of Vulnerability Number of Vulnerable Nerves 
Lower third of course 10 
Middle third of course 10 
Upper third of course 13 


N.B.— One nerve was vulnerable at two sites, and another nerve 
at three sites. 


5. The Nerve Involved.—The right nerve was 
vulnerable on 17 occasions, and the left nerve on 
I3 occasions. Both nerves were vulnerable in the 
same case on 3 occasions, but no case of absolute 
vulnerability on both sides was encountered. 

6. The Causes of Vulnerability.—The causes of 
vulnerability and their incidence in the series are 
indicated in Table III. Arterial fixation was the 
sole responsible factor in 20 cases, and fascial 
fixation the sole responsible factor in 4 cases. Com- 
bined causes were present in § cases, and in each 
of these tunnelling was associated either with 
arterial fixation or with fascial fixation. Tunnelling 


was thus never the sole responsible factor in ay 
case. 

7. The Site of Vulnerability.—Vulnerability occy. 
red a little more frequently at the upper thir 
of the nerve’s course than in the middle third ang 
the lower third (Table IV). In one case, No. x 
the nerve was vulnerable at all three sites, and jy 
another case, No. 23, at both the middle and the Upper 
thirds. 


Table V.—TIME INTERVAL AFTER OPERATION OF 
84 POST-OPERATIVE LARYNGOSCOPIES 


Time Interval Number of Cases 
Within 14 days 25 
1-6 months II 
7-12 months 14 
13-18 months 20 
19-24 months 14 


Post-operative Laryngoscopies. — A __ pos. 
operative indirect laryngoscopy was carried out op 
84 of the 100 patients in the series, and in no cay 
was there any sign of cord dysfunction. In Table | 
these patients are grouped according to the tim 
interval between operation and laryngoscopy. 


DISCUSSION 


The Nerve-Artery Relationship in the Serie; 
of 100 Thyroidectomies.—The nerve-artery rel- 
tionship has been studied on a larger scale in previous 
papers. Fowler and Hanson (1929) dissected 20 
cadavers, i.e., 400 nerves, and reported the nerve 
lying posterior to the artery in 65-5 per cent of their 
cases, anterior in 26 per cent and between the 
branches in 8-5 per cent; they made no mention 
of any anomalous nerves dissected. Reed (1943), in 
a rather more detailed account of 253 cadavers, 
reported 39:1 per cent of nerves deep to the artery 
and its branches, 18:6 per cent superficial to the 
artery, and 36-5 per cent between the branches ; he 
reported that 17 per cent of cases had identical rel 
tionship on both sides, and he described 3 anomalous 
nerves. Reed’s paper contains a series of remati- 
ably clear diagrams illustrating twenty-eight variz- 
tions of the nerve-artery relationship which he 
encountered in his dissections, and from this it 
possible with a fair degree of accuracy to condense 
his more detailed grouping of the relationships into 
the eight significant groups described in this study. 
When this is done (Table VI), his figure of 365 
per cent for nerves lying between the branches 
of the artery can be broken up approximately 
into 26-5 per cent for cases where the nerve lies 
between the two main divisions of the artery (group 3 
in this study), 4:5 per cent for cases where the nerve 
lies within the glandular branches of the inferior main 
division (group 4), 4:5 per cent for cases where the 
nerve lies within the glandular branches of the 
superior main division (group 5), and 0-4 per ceml 
for cases where the nerve lies between the glandular 
branches of both main divisions (group 6). Further- 
more, when the less detailed grouping of the nerve- 
artery relationship is applied to his figures, the 
identical relationship on each side rises from 17 pe 
cent to approximately 30 per cent. 

As can be seen, there is a wide difference between 
the figures given by Fowler and Hanson and by Reed; 
as indeed there is also between smaller series which 
have been reported (Nordland, 1930; Ziege!man, 
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1933; Weeks and Hinton, 1942 ; Bachhuber, 1943 ; 
simon, 1943), but there is universal agreement that 
the nerve usually lies deep to the artery, and less 
fequently superficial to the artery or between its 
pranches. The figures in this study for the three 
pgsic relationships of the nerve—superficial to the 
ytery, deep to the artery, and between the branches 
of the artery—are comparable to Reed’s figures 
Table VI), but there is quite a marked difference 
in the two series when the figures for the nerve lying 
between the arterial branches are broken up. If the 
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6. Involvement in fibrous tissue following nerve 
exposure. 

It is notoriously unwise to interpret the results 
of animal experiments as applying rigidly to the 
human body, but due attention must certainly be 
paid to the findings of Judd, New, and Mann (1918) 
on the effects of damage to the recurrent laryngeal 
nerves of dogs. They came to the following con- 
clusions :— 

a. Section of the nerve or ligation with any type 
of suture material produced a permanent paralysis. 


Table VI.—TuHE NERVE-ARTERY RELATIONSHIP IN REED’S INVESTIGATION 
COMPARED WITH THE FINDINGS IN THIS STUDY 


Group NERVE-ARTERY RELATIONSHIP 


REED’s FIGURES 


FIGURES FOR PRESENT STUDY 








Nerve superficial to arterial trunk or 
divisions 


Nerve deep to arterial trunk or divi- 
sions 


Nerve between the branches of the 
artery 


18°6 per cent 10°§ per cent 


39°I per cent 46°§ per cent 


36°§ per cent 34°5 per cent 





Nerve between the two main divisions 


Nerve between glandular branches of 
inferior division 

Nerve between glandular branches of 
superior division 


Nerve between glandular branches of 
both inferior and superior divisions 


26°§ per cent 14°0 per cent 


4°5 per cent 8-O per cent 
4°§ per cent 12°0 per cent 


0°4 per cent O’§ per cent 





Similar nerve-artery relationship on 
both sides 








30°O per cent 35°O per cent 








interpretation of Reed’s diagrams has been accurate, 
it would appear that he found a greater incidence of 
the nerve lying between the main divisions of the 
artery (group 3), and a smaller incidence of the nerve 
lying between the glandular branches of the main 
divisions (groups 4 and 5), than was found in this 


series. There is, however, no indication in Reed’s 
paper that the inferior thyroid arteries in his cadavers 
were injected or otherwise especially prepared, and 
it is possible that the difference in these figures is 
accounted for by the greater ease with which the 
smaller arterial branches can be identified in the 
living subject. 

There is an even greater difference in the figures 
of anomalous nerves in the two series. The incidence 
of 4 per cent in this study must be regarded as 
extraordinarily high, and is entirely fortuitous. 
Reed’s incidence of 1-2 per cent is probably a much 
more accurate figure. 

Despite these differences, it is felt that the 
findings in this study bear a close resemblance to 
those in Reed’s detailed investigation, and that they 
represent am accurate picture of the nerve-artery 
relationship. 

The Mode of Damage to the Nerve.—The 
recurrent nerve may conceivably be damaged during 
thyroi iectomy in several ways :— 

I. Crushing. 

. Compression in a ligature. 
. Division by a sharp instrument. 
. Stretching. . 
Ischemia following nerve exposure. 


b. Stretching had to be severe and prolonged to 
produce any impairment of function. 

c. ‘Pinching’ of the nerve, to reproduce the 
type of injury inflicted by a hzmostat applied to 
control small vessels, caused only temporary paralysis, 
with eventual restoration of function in all cases. 

d. The effects of exploration depended entirely 
on the amount of trauma inflicted, and careful 
dissection would probably cause no damage. 

1. Crushing.—lIt is well recognized that crushing 
by hemostatic forceps is a common cause of injury to 
the nerve. A forceps thrust blindly into tissue deep 
to the thyroid gland in an attempt to control bleeding 
is, it is hoped, a rare occurrence; but hzmostats 
placed along the proposed line of resection of the 
thyroid lobe or picking up small bleeding points on 
the lateral aspect of the trachea, particularly on the 
medial aspect of the superior pole of the gland 
(Lahey, 1938), can cause damage in the most experi- 
enced of hands if the nerve is not visualized. If an 
inference were to be drawn from our knowledge of 
the recovery of a peripheral nerve following crushing, 
and from the animal experiments of Judd and others 
(1918), it would be expected that the majority of 
pure crushing injuries would produce only a tempo- 
rary nerve palsy. However, as it is usual to tie a 
ligature about the points of a hemostat or to under- 
run it with a suture, it seems probable that the majority 
of nerve injuries due to crushing at thyroidectomy 
do in fact result in permanent damage. 

2. Compression in a _ Ligature.—The serious 
damage to the nerve caused by a ligature has already 
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been stressed. Whether this occurs through ligating 
a bleeding point or through suturing the gland 
tissue, depends largely upon the technique of the 
surgeon. Lahey and Hoover (1938) drew attention 
to the danger of nerve damage during suture of the 
cut surface of the thyroid remnant, and, from a study 
of the vulnerable cases in this series, it would appear 
that this method of hemostasis could be almost as 
common a mode of nerve damage as is ligation of 
the individual bleeding vessels. It has been suggested 





Fic. 216.—Damage to the recurrent laryngeal nerve during 
ligation and division of the inferior thyroid veins. 


(Luchetti, 1944) that damage to the recurrent nerve 
can occur during ligation of the superior thyroid 
pedicle ; this is probably a rare occurrence and it will 
be discussed more fully later. 

3. Division by a Sharp Instrument. — Whilst 
crushing and compression of the nerve in a ligature 
are the mechanisms which commonly cause damage, 
the nerve may less frequently be divided by the 
scalpel blade either during resection of the gland, or 
more rarely when the inferior thyroid veins are 
divided. Fowler and Hanson (1929) noted that 
8 out of the 400 nerves in their series, on leaving the 
thorax, ran a very superficial course anterior and 
parallel to the trachea and in intimate relationship 
to the inferior thyroid veins. Three of the 30 
nerves graded as vulnerable in this series were con- 
sidered to be in danger because of the probability of 
their being ligated and divided with the inferior 
thyroid veins (Fig. 216). The right nerve in Case I1 
ran on a course as described by Fowler and Hanson 
for no apparent reason. The left nerve in Case 7, 
and the right nerve in Case 25 took a similar course, 
being elevated by fixation to the growing goitre ; 
the one by the branches of the inferior division of 
the inferior thyroid artery, and the other by a well- 
marked fascial layer. 

Division of the nerve produces a permanent 
paralysis, and even if the accident is discovered at 
operation and immediate nerve suture performed, 
the prospects of any recovery of function are very 
slight (Cattell, 1948). 

4. Stretching.—Stretching of the recurrent nerve 
to a minor degree must be a common occurrence 
whilst the goitre is displaced forwards prior to 
resection. Should, however, the nerve be tethered 
to a large substernal prolongation of the thyroid lobe, 
the stretching must be much more severe as the 
inferior pole of the gland is dislocated upwards into 
the neck. On at least four occasions in this series 
considerable anxiety was felt when the course of 
the nerve had been finally demonstrated, lest injury 
had been caused in this way ; but in each case early 
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and late post-operative laryngoscopy failed ‘0 show 
any evidence of cord dysfunction. In Gis-elsson’; 
series (1949) 23 out of 35 primary cord f-aralyse 
recovered, and he attributed the transient nature of 
the lesions to stretching of the nerve. However 
as the patients in his series were operated on under 
a local anesthetic, so that the surgeon could remove 
a hemostat instantly if voice changes followed jit; 
application, it would seem far more probable that 
the temporary lesions in Gisselsson’s series were dye 
to ‘pinching’ of the nerve and not to stretching 
From the experimental work of Judd and other 
(1918), and from experience in this investigation, jt 
would appear that the nerve will tolerate quite 
severe stretching, and that paralysis from this cause 
must be relatively uncommon. 

5, 6. Ischemia and Fibrosis following Exposure 
of the Nerve.—The recurrent laryngeal nerve js 
accompanied into the larynx by the inferior laryngeal 
branch of the inferior thyroid artery, and an un- 
named artery can often be identified passing up 
from the thorax with the nerve. Whilst the blood- 
supply to the nerve is therefore very adequate, damage 
to these vessels during rough exposure of the nerve 
is quite feasible. In the same way, involvement in 
fibrous tissue following mobilization of the nerve is 
a possibility, although histological examination of 
the structure of the recurrent nerve (Berlin, 1935) 
lends no support to the view that it is more suscept- 
ible to such injury than are other peripheral nerves. 
The experimental results of Judd and others (1918) 
and the clinical experience of surgeons at the Lahey 
Clinic, suggest strongly that nerve damage following 
exposure of the nerve is most exceptional provided 
that the nerve is not roughly handled. This view 
is certainly supported by the findings in this investi- 
gation, which revealed no evidence of immediate 
or delayed nerve injury, although the recurrem 
nerves were widely exposed at each operation, and 
on several occasions had to be freed from the goitre 
by sharp dissection. 
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The conclusions drawn from this discussion are 
that the commonest mode of nerve injury is compres- 
sion in a ligature, either subsequent to crushing by 
a hemostat or during suture of the gland tissue, 
and that less frequently the nerve is divided by 4 
sharp instrument. Injuries through stretching ol 
the nerve or due to ischemia or involvement in 
fibrous tissue are probably extremely rare. 

The Causes of Vulnerability.—The nerve 
becomes vulnerable if it is displaced from its expected 
anatomical course to such an extent that it is liable 
to damage during resection of the thyroid lobe. 
Thus, during the increase in size of the thyroid gland 
in goitre formation, any factor which tends t 
tether the nerve to the gland tissue may cause it to be 
displaced, and if there is gross and asymmetrical 
growth of the gland, as occurs particularly in nodular 
goitres, the nerve may be displaced to an extra- 
ordinary degree. 

Gross displacement, however, is not essential 
in order to render the nerve vulnerable. A nerve 
running a comparatively normal course may be 
picked up in a hemostatic forceps at the upper) 
pole of the thyroid lobe if it lies between the glandular 
branches of the superior division of the inferior 
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wroid artery (Fig. 217), and particularly so if the 
»itre is a vascular one and the branches bleed after 
fection despite ligature of both superior and inferior 
yroid arteries. 

‘The nerve may be fixed to the goitre by the fork 
lormed by a dividing artery, or by the fascial envelope 
fthe thyroid if this is well developed and the nerve 
ies within it. Occasionally, asymmetrical growth 
f the goitre encloses the nerve as if in a burrow or 
uanel, and fixes it in position. Rarely, for no 
apparent reason at all, the nerve takes an unusual 
course and runs into danger. 

These four causes of nerve displacement must 
now be considered. 

1. Arterial Fixation.—This was by far the 
commonest cause of displacement of the nerve in this 
ries, being solely responsible in 20 out of 30 
yunerable nerves, and sharing responsibility in 
3 other cases (Table III). 

The nerve-artery relationships in the vulnerable 
sries are Shown in Table VII. It is significant that 
in no case in the whole series in which the artery 
was absent (group 7) was the nerve vulnerable. 
Furthermore, when the nerve lay superficial to, or 
deep to, the main arterial trunk or its divisions 
groups I and 2), although the vulnerable nerves in 
these groups numbered 4 and 2 respectively, in 


I7I 


the gland at which the main arterial trunk divides. 
When the trunk divides behind or close to the carotid 
sheath, this nerve-artery relationship is as innocuous 
as are groups I and 2; 


‘) 


but the closer the trunk 


FiG. 217.—Damage to the recurrent laryngeal nerve at the 
superior pole of the goitre during hemostasis of the thyroid 
remnant. 


approaches the gland before it divides, the greater 
is the danger to the nerve. The size of the goitre 
must also be an important factor in this group, and 
it is significant that in 3 out of these 4 cases the goitre 
was graded as large. 

In those groups of cases in which the nerve lay 
between the glandular branches of the superior 
division of the trunk (group 5), or between the glandu- 
lar branches of the inferior division of the trunk 


Table VII.—NERVE-ARTERY RELATIONSHIPS IN SERIES OF 30 VULNERABLE NERVES, 
WITH CAUSE AND SITE OF VULNERABILITY 


CASES IN 
VULNERABLE 
NERVE-ARTERY SERIES 
RELATIONSHIP 





Per 
cent 


NUMBER OF CASES IN 
WHICH CAUSE OF 
VULNERABILITY 
WAS ARTERIAL 


INCIDENCE OF SIMILAR 
NERVE-ARTERY 
RELATIONSHIPS IN 
SERIES OF 100 
‘THYROIDECTOMIES 


SITE OF VULNERABILITY 
WHEN CAUSE WAS 
ARTERIAL 








Nerve superficial to arterial 
trunk or to its two divisions 


133 


Nerve deep to arterial trunk 6°6 


or to its two divisions 


Nerve between the two main 
divisions 

Nerve between glandular 
branches of inferior divi- 
sion 


Nerve between glandular 
branch of superior division 


Nerve between glandular 
branches of both superior 
and inferior divisions 

No artery 


Anomalous nerve 














10°§ per cent 
46°5 per cent 
All 4 at middle third 


14°0 per cent 


All 7 at lower third 8-o per cent 


All ro at upper third 12-0 per cent 


Nerve vulnerable at all 
three sites 


O°§ per cent 


5°5 per cent 


At upper third 4 right recurrent nerves in 


series 











hone of these 6 cases was the cause of vulnerability 
attributable to arterial fixation. The reason for this 
is undoubtedly, that under these circumstances the 
herve cannot be caught in an arterial fork and 
dragge forwards with the developing goitre ; 
insteac, it slides back into safety in front of, or 
behind, the vessels. 

There were 5 vulnerable nerves in those cases in 
which he nerve lay between the main divisions of the 
arteria trunk (group 3), and in 4 of these arterial 
ixatic . was to blame. Displacement of the nerve 
in thi. event depends partly on the distance from 


(group 4), is found the greatest number of vulnerable 
nerves—IO and 7 respectively—and vulnerability 
of all 17 of these nerves was attributable to arterial 
fixation. The size of the goitre is of little importance 
here, and in only 3 out of the 17 cases was the goitre 
graded as large: of greater significance is the fact 
that the arterial divisions normally break up into their 
glandular branches only a short distance from the 
gland, so that the nerve is liable to be in a dangerous 
position however small the goitre. 

One nerve only out of the 200 dissected in this 
series lay between the glandular branches of both 
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main divisions of the arterial trunk (group 6). 
Vulnerability in this case was attributable to arterial 
fixation, and the nerve was in danger throughout 
the operative field. 

2. Fascial Fixation.—Fascial fixation was solely 
responsible for endangering the nerve on 4 occasions 
and shared responsibility in 2 other cases (Table III). 
In 4 of these cases the site of the danger was the mid- 
thyroid region, where the nerve may come into 





Fic. 218.—Tunnelling of the recurrent laryngeal nerve due to 
enclosure by a nodule. 


direct relationship with the thyroid gland, and where 
the fascia is notably thickened and will tend to bind 
the nerve firmly to the developing goitre. At the 
upper and lower poles of the thyroid lobe, where the 
nerve does not normally come into direct relationship 


SITE OF 


Table VIII.—SITE OF NERVE VULNERABILITY IN RELATION TO CAUSATIVE FACTORS 


CAUSE OF 
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in association with vulnerable nerves it occurp ser 
3 times in diffuse toxic goitres, and only op | fixed 
occasions in nodular goitres (Table II). P The 


4. Displacement of the Nerve for No Appar 
Reason.—Attention has already been drawn to 
normal course taken by the recurrent nerve in ty 
lower third of the operative field as it incling 
obliquely forwards across the line of the trache 
and cesophagus, until it levels out along the trache 
at the junction of the middle and lower thirds of j 
course in the neck. Very occasionally this forwaji 
inclination of the nerve is exaggerated for no apparey 
reason (Fowler and Hanson, 1929), so that the ner 
lies on a plane anterior to the trachea, and in su 
intimate relationship to the inferior thyroid veip 
that, as has already been described, it is in gray 
danger of being ligated and divided with the vein 
Three nerves in this series were considered to be jy 
danger of ligation together with the inferior thyroid 
veins, and in the case of one of them, no apparen 
reason for the anterior displacement of the neryg 
could be demonstrated. 






















It is clear from this discussion that fixation y 
the gland by an arterial fork is undoubtedly the mos 
important single factor responsible for damage 1 
the recurrent laryngeal nerve at thyroidectomy 
and the fact that this factor can exert no influenc 
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Arterial Fascial 
Arterial Fixation Fascial Fixation No Apparent 
Fixation and Fixation and Cause 
Tunnelling Tunnelling 
Lower third of course 7 I I Nil I 
Middle third of course 5 I 2 2 Nil 
Upper third of course 10 2 I Nil Nil 




















N.B.—One nerve was endangered by arterial fixation at all three sites. 


at both lower and middle thirds. 


with the gland, fascial fixation was responsible for 
only one vulnerable nerve at each site (Table VIII). 

3. Tunnelling.—Although the recurrent laryngeal 
nerve never actually pierces the true thyroid capsule, 
the normal lobulation of the thyroid gland can form 
a crevice in which the nerve may run (Fowler and 
Hanson, 1929); but burrowing or tunnelling of the 
nerve through thyroid tissue is the result of its en- 
closure by abnormal accentuation of this lobulation 
in the goitre, or by irregular growth of nodules 
(Fig. 218). On § occasions in this series the nerve 
was enclosed within thyroid tissue so that this was 
considered a factor in endangering the nerve ; but in 
each case another factor, either arterial fixation or 
fascial fixation, was present as well, so that on no 
occasion was tunnelling solely responsible for 
vulnerability (Table III). It seems probable, there- 
fore, that tunnelling is rarely a primary cause of 
fixation of the nerve to the gland, but that it occurs 
later, as the goitre increases in size, the nerve being 
already fixed to the gland by an arterial fork or by 
fascia. It is interesting to note that tunnelling was 
not confined to the nodular goitres in this series ; 


One nerve was endangered by arterial fixation and tunnelling 


in at least 62 per cent of cases (groups I, 2, and7 
explains to a large extent the comparative immunity 
of the nerve from injury at operation. 

The Site of Vulnerability.—The recurrent 
nerve, if fixed to the enlarging goitre, may be dis 
placed either anteriorly to lie between its medial 
surface and the trachea, or laterally to lie under ity abi 
posterior surface. In the latter position the, dis pond 
placement from the expected anatomical course ! 
exaggerated during thyroidectomy when the lateraipy fj 
lobe is mobilized and turned forward, so that thi 
liability to damage is increased. Vulnerability © 
the nerve at the three different sites in its course 
shown in Table IV,-and the frequency of the variou 
causative factors at these sites is given in Table VIII 

1. Vulnerability at the Upper Third.—The fre 
quency of damage to the nerve near its entry int 
the larynx has been emphasized by Lahcy an 
Hoover (1938) and by Cattell (1948) ; it is particu 
larly liable to occur when small glandular branches 
of the superior division of the inferior thyroid artery 
are picked up close to the trachea, if the nerve ! 
lying amongst them (Fig. 217). Less frequentl 
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e nerve is displaced laterally by arterial fixation or 
;fixed to the gland by the strong fascial envelope. 

The course of the nerve in the upper third is far 
nore difficult to demonstrate than in the lower two- 
irds, because the fascia is usually much tougher, 
d the goitre more difficult to dislocate forwards. 
e temptation to dispense with this part of the dis- 
ection is often very great, but it should be resolutely 
esisted unless the surgeon can be quite certain that 
e nerve is lying deep to the branches of the artery, 
ind passing well clear of the thyroid tissue towards 
he inferior cornu of the thyroid cartilage. 

It has been suggested that the recurrent nerve in 
e upper third of the operative field can be embraced 
a ligature of the superior thyroid pedicle (Luchetti, 
1944); in no case in this series was this injury con- 
sidered likely, unless a mass ligature were to be 
ied very clumsily. However, it occasionally happens 
hat a goitre lies much lower in the neck than is 
ormally the case, and the superior pole lies at or 
elow the cricothyroid articulation. In this event 
he nerve may be extremely vulnerable, and whilst 
it is always advisable to palpate the inferior cornu 
of the thyroid cartilage when passing a ligature 
round the superior thyroid vessels, it is felt that 
issection of the nerve in the upper third of its 
course is particularly essential if the goitre lies low 
in the neck. 

2. Vulnerability at the Middle Third.—In the 
middle third of its course, when arterial fixation 
is the cause of nerve vulnerability, the nerve is 
usually displaced laterally, caught in the fork of the 
branching of the two main divisions of the artery 
Fig. 219). Moreover, it is in the midthyroid region 
that the nerve is liable to come into intimate relation- 
ship with the thyroid tissues and to be bound to it 





Fic. 219.—The recurrent laryngeal nerve rendered vulner- 
able at the midthyroid region by fixation to the goitre within 
the fork of the two main divisions of the inferior thyroid 
artery. 


by fascia forming the strong suspensory ligament ; 
so that fascial fixation and tunnelling are more 
commonly found at this site than at the upper or 
lower poles of the gland (Table VIII). 

3. Vulnerability at the Lower Third.—In the 
lower third of its course the nerve may be displaced 
anteriorly or laterally on the thyroid lobe, and thus 
endangered by arterial fixation within the glandular 
ranches of the inferior division of the artery (Fig. 
220). On 3 occasions, however, the nerve was 
considered vulnerable, not on account of its relation 
to the thyroid gland, but because of its proximity 
to the inferior thyroid veins. It is felt that this 
partic: |ar hazard, which has already been discussed, 
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is common enough to justify the advisability of 
identifying the recurrent nerve before dividing the 
inferior thyroid veins, or, if this cannot be done, of 
identifying and ligating the veins individually. 

4. Vulnerability at Multiple Sites.—In 2 cases the 
nerve was vulnerable at more than one site. In 
Case 23 vulnerability at the lower third was due to 





FiG. 220.—The recurrent laryngeal nerve rendered vulner- 
able at the inferior pole of the goitre by fixation within the 
glandular branches of the inferior division of the inferior 
thyroid artery. 


arterial fixation, and at the middle third the nerve, 
still displaced anteriorly, was enclosed in a tunnel 
of thyroid tissue. In Case 26 the nerve was dis- 
placed anteriorly along the whole length of the medial 
surface of the lateral lobe of the thyroid gland by 
fixation within the glandular branches of both 
superior and inferior divisions of the artery. This 
nerve-artery relationship (group 6) is very rare, occur- 
ring only once in this series and its potential danger 
to the nerve has already been emphasized. 


The salient features that emerge from this 
discussion are :— 

1. The nerve may be endangered by displace- 
ment from its normal course either in an anterior 
or a lateral direction. 

2. Vulnerability of the nerve occurs slightly more 
frequently in the upper third of its course than it 
does in the middle and lower thirds. 

3. The danger point at the upper pole is between 
the thyroid lobe and the trachea. 

4. Nerve vulnerability due to arterial fixation 
occurs frequently at all three sites, but vulnerability 
due to fascial fixation rarely occurs away from the 
mid-thyroid region. 

5. If the goitre lies unusually low in the neck, the 
recurrent nerve may be endangered during ligation 
of the superior thyroid vessels. 

6. Below the inferior pole of the thyroid lobe the 
nerve may occasionally be ligated and divided as it 
lies in intimate relationship to the inferior thyroid 
veins. 

Sex in Relation to Nerve Vulnerability.— 
The ratio of females to males was approximately 
6:1 in the whole series, and approximately 8: 1 
in the vulnerable series. A study of the other factors 
investigated in this series likewise shows no significant 
difference between the sexes. The only observation 
of any consequence was that the fascia in the male 
patients was usually stronger and better defined than 
in the female patients, and this, combined with the 
greater muscular development and the greater depth 
of the operative field in the male, sometimes made 












the nerve dissections more difficult, and frequently 
necessitated section of the pretracheal muscles in 
order to obtain a better exposure. 

Age in relation to Nerve Vulnerability.— 
All but one of the patients with vulnerable nerves 
were in the age groups between 21 and 50 (Table LX) ; 


Table IX.—AGE GROUPS OF PATIENTS IN SERIES OF 
100 THYROIDECTOMIES, IN SERIES OF 27 PATIENTS 
WITH VULNERABLE NERVES, IN VULNERABLE SERIES 
ASSOCIATED WITH DIFFUSE TOxIC GOITRES, AND IN 
VULNERABLE SERIES ASSOCIATED WITH NODULAR 
GOITRES 









AGE GROUPS 









21 30 | 31-40 | 41 §0 | §1 60 
















Series of 100 
subtotal 
thyroid- 
ectomies I 19 29 27 20 4 
Series of 27 
patients with 
vulnerable 
nerves Nil S 7 II I Nil 
Vulnerable 
series with 
diffuse toxic 
goitres Nil 3 4 I Nil Nil 
Vulnerable 
series with 
nodular 
goitres Nil 5 3 10 I Nil 























and as might be expected, patients with diffuse toxic 
goitres in the vulnerable series were mainly in the 
age group between 21 and 40, and patients with 
nodular goitres in the age group between 41 and $0. 
It is, however, somewhat surprising to find that 
although 24 of the patients in the series were over 
the age of 50, all with nodular goitres, only 1 of these 
goitres was associated with a vulnerable nerve. No 
adequate explanation can be offered for this. 

The Type of Goitre in relation to Nerve 
Vulnerability.—Absolute nerve vulnerability in this 
series was invariably associated with large nodular 


Table X.—TYPE OF GOITRE IN SERIES OF I00 
THYROIDECTOMIES AND IN SERIES OF 30 
VULNERABLE NERVES 














TYPE OF GOITRE 
Diffuse Paren- 
Nodular Toxic chymatous 
Series of 100 thyroid- 
ectomies 71 23 6 
Series of 30 vulner- 
able nerves 20 9 I 














goitres. However, in proportion to their respective 
incidence in the whole series, diffuse toxic goitres 
were somewhat more frequently associated with 
vulnerable nerves than were nodular goitres (Table X). 
It would appear that whilst gross displacement of 
the nerve with certainty of injury is more likely in 
association with very large nodular goitres, adequate 
resection of the relatively smaller and more vascular 
diffuse toxic goitre provides a greater potential danger 
to the nerve. 
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The Size of the Goitre in relation t» Negithe™S' 
Vulnerability.—If the recurrent nerve is tethemmonly 2 
to the thyroid gland, the larger the goitre the greygy The 
as a MO 
the nery 
of its < 
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must be the liability of the nerve to disp aceme 
from its course. It has already been pointed ¢ 
that a nerve running a comparatively normal coy, 
may be vulnerable in the upper third of the operatiy 
field, but this certainly does not apply to the midg 
and lower thirds where the normally situated nerggis iMP° 
lies in comparative safety. It might be expecteg™them ‘ 
therefore, that the larger goitres in this series woygmrecutte 




































be more frequently associated with vulnerable nergy TD! 
Left at 

Table XI.—SizE oF GoITRE IN RELATION to fg” ™° 
NERVE VULNERABILITY more ‘ 
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S1zE OF GOITRE difficul 
Moderate Large nerves. 
ither ‘ 
Series of 100 goitres 86 14 aith fi 
Goitres associated with nerve vul- of left 
nerability 21 6 =) and 
Goitres associated with bilateral ; 
nerve vulnerability I 2 dang 
Vulnerable nerves associated with explan 
goitres 22 8 es 
Goitres associated with absolutely to inju 
vulnerable nerves Nil 3 the op 
1920) 
and 1 


than the moderately-sized goitres ; and that the siti invest 
of vulnerability in these cases would more often li@ jower 
in the middle and lower thirds of the operative fiel@ nerve 
than in the upper third. small 

This is indeed borne out by the results of thi sugge 
investigation (Table XI). There were 14 goitrell recur 
graded as large in this series, all nodular in type side ; 
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Table XII.—Size oF GOITRE IN RELATION TO Sit: seen! 
OF VULNERABILITY vulne 

seem 

S1z—E OF GOITRE cal d 

SITE OF VULNERABILITY bine 
All sizes Large Moderate * 

Lower third of course 10 2 8 in th 
Middle third of course 10 4 6 indic 
Upper third of course 13 2 II Indic 
oper 

The 

and 6 of these 14 large goitres were associated witig °P& 
nerve vulnerability, as compared with 21 of the & C 


moderately-sized goitres. Since bilateral nerg belo 
vulnerability occurred in 2 cases with large goitregg 28¢4 
and in I case with a moderately-sized goitre, it wi  ¥ 
be seen that 8 vulnerable nerves were encountere be | 
amongst the group of 14 large goitres, and 2 y 
vulnerable nerves amongst the group of 86 moderately nod, 
sized goitres. In this study, therefore, the liabilit} sho, 
of the recurrent laryngeal nerve to be rendere ( 
vulnerable was twice as great when it was associated 49, 
with a large goitre, as when it was associated witlg 8° 
a moderately-sized one. Furthermore, all 3 0 ™ 
the nerves in the series which were considered t ‘ee 
be absolutely vulnerable were associated with largey j,;.. 
sized goitres. late 
With regard to the site at which the 8 vulnerabl} hac 
nerves associated with large goitres were endangered} ord 
the middle and lower thirds were concerned on @ op« 
occasions, whilst the upper third, which is normalli 4y: 













ne most dangerous site of the three, was concerned on 
nly 2 occasions (Table XII). 

The size of the goitre must therefore be regarded 
.q most significant factor, not only in endangering 
thenerve, particularly in the middle and lower thirds 
of its course, but also in rendering it absolutely 
winerable. As large nodular goitres are usually 
mobilized and resected without much difficulty, it 
js important to bear this in mind when dealing with 
them, and to realize that gross displacement of the 
recurrent nerve may be encountered in these cases. 

The Difference in Vulnerability between 
Left and Right Nerves.—lIt has been the experience 
of most observers that the right recurrent nerve is 
more often damaged than the left nerve (Coller, 
1938), and in this study there were 17 vulnerable 
right nerves and 13 vulnerable left nerves. It is 
difficult to explain this distinction between the two 
nerves. A study of the nerve-artery relationship on 
either side ( Table I) shows only a small preponderance 
of left nerves in the ‘ safe’ groups (groups I, 2, and 
7)and a small preponderance of right nerves in the 
‘dangerous’ groups (groups 3-6). A_ possible 
explanation of the greater liability of the right nerve 
to injury rests upon its position in the lower third of 
the operative field ; it is situated, as Parsons observed 
1920), some distance from the trachea and cesophagus, 
and may be met sooner than expected. In this 
investigation the right nerve was vulnerable in the 
lower third of its course on 6 occasions, and the left 
nerve on 4 occasions, but these figures are far too 
small to be of any consequence. It might be 
suggested that it is significant that anomalous 
recurrent nerves occur almost invariably on the right 
side; but the incidence of anomalous nerves is 
probably no more than I per cent, and, as will be 
seen later, there is no evidence that they are any more 
vulnerable than are normal recurrent nerves. It 
seems probable, therefore, that several small anatomi- 
cal differences, such as those described above, com- 
bine to render the right nerve a little more vulnerable 
than the left. 

Absolutely Vulnerable Nerves.—Three nerves 
in this series were graded as absolutely vulnerable, 
indicating that they must have been damaged at 
operation, unless visualized and specifically avoided. 
The following notes were made at the time of 
operation :— 

Case 8, in the vulnerable series. (Fully described 
below under anomalous nerves, Case 4).—Mrs. E. H., 
aged 48, with a large non-toxic nodular goitre. The 
anomalous right nerve was tethered to a large nodule on 
the posterolateral aspect of the superior pole of the gland 
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™ rj , by branches of the superior division of the artery (Fig. 
atelvil 222): The nerve had to be dissected free from the 
rately nodule. Post-operative laryngoscopy one week later 
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showed no dysfunction. 

Case 22, in the vulnerable series.— Mrs. E. T., aged 
49, who had a large non-toxic nodular goitre with de- 
generating nodules in the right lobe. The left recurrent 
nerve lay deep to the main trunk of the inferior thyroid 
artery and was not vulnerable. The right nerve also lay 
dee» to the main artery, but it was markedly displaced 
laterally, being fixed to a degenerating nodule in the 
lateral lobe by the strong overlying fascia. The nerve 
had to be freed from the nodule by sharp dissection in 
ord r to resect the middle third of the goitre. Post- 
Ope "ative laryngoscopy eighteen months later showed no 
dy: ‘unction. 
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Case 27, in the vulnerable series.—Mrs. G. G., aged 
33, who had a large non-toxic nodular goitre with a bulky 
retrosternal right lower pole. The left nerve passed 
superficial to the inferior division of the inferior thyroid 
artery, and between the branches of the superior division 
by which it was fixed to the goitre, being displaced for- 
wards between the goitre and the trachea. The fascia in 
relation to the nerve was noted as being very tough and 
well defined, and the nerve was considered vulnerable. 





FiG. 221.—An anomalous recurrent laryngeal nerve ren- 
dered absolutely vulnerable at the superior pole of the goitre 
by fixation within the glandular branches of the superior 
division of the inferior thyroid artery. A normal recurrent 
laryngeal nerve may be endangered in exactly the same way. 


The right recurrent nerve passed between the branches 
of the inferior division of the artery and deep to the 
superior division. It was markedly displaced laterally 
and firmly fixed to the posterior surface of the large 
retrosternal portion of the goitre, which had to be dislo- 
cated upwards and forwards, carrying the nerve with it. 
The nerve must have been severely stretched during this 
manceuvre, and would certainly have been damaged during 
resection of this lobe if it had not been identified and dis- 
sected off it. Post-operative laryngoscopies were carried 
out two weeks later and two months later, and showed no 
dysfunction. 


An examination of the operation notes on these 
cases with absolutely vulnerable nerves reveals 
certain features common to each. These are that 
the patient was a woman, the right nerve was 
endangered, the goitre was nodular in type and large 
in size, the nerve was markedly displaced laterally, 
and that, despite mobilization, there was no post- 
operative evidence of nerve damage. On the other 
hand, the site of vulnerability varied in each 
case, and the cause of vulnerability was arterial 
fixation on two occasions, and fascial fixation on one 
occasion. 

The bearing of these features upon nerve vulner- 
ability has already been fully discussed, and the 
findings in these three cases of absolute vulnerability 
for the most part merely confirm conclusions already 
arrived at. The sex incidence and the absolute 
incidence of right nerves should be regarded as 
fortuitous in a series as small as this. However, it 
is pertinent to emphasize that displacement of the 
nerve to such an extent that injury is absolutely 
unavoidable occurs only in association with very 
large nodular goitres, and is invariably lateral to the 
normal course of the nerve, so that displacement 
is exaggerated during resection of the goitre. 

With regard to the individual cases, it is of 
interest to note in Case 8 that the nerve was anomalous, 
and that it was endangered, not because it ran an 
aberrant course, but because it was fixed to a large 
goitre in the same way as a normal recurrent 
nerve might be fixed. In Case 22 the nerve-artery 
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relationship of the vulnerable nerve was that of group 
2, the commonest and one of the safest of the eight 
groups described, and yet the nerve was endangered 
because the fascial sheath had fixed it to a degener- 
ating nodule. It is not uncommon to find the fascia 
well developed over a degenerating thyroid nodule, 
and it is possible that the inflammatory reaction 
around such a nodule may be responsible for this, 
and may even play a direct part in fixing the nerve. 
The pattern of events in Case 27 is far from infrequent, 
and has previously been cited to support the conten- 
tion that the recurrent nerve can be handled with 
impunity. The nerve, fixed to the retrosternal 
nodule, was certainly stretched when this was 
dislocated into the neck, and later it had to be 
mobilized. from the goitre by sharp dissection ; 
despite this there was no evidence of immediate or 
delayed nerve damage. 

Anomalous Recurrent Laryngeal Nerves.— 
If the embryonic fourth arotic arch on the right side 
disappears so that the right subclavian artery arises 
directly from the descending aorta, no artery remains 
to hold down the recurrent nerve in the thorax. As 
a result, the right inferior laryngeal nerve arises 
directly from the vagus trunk, and passes deep to 
the inferior constrictor muscle into the larynx. 
Theoretically, if the left subclavian artery were to 
arise from a right-sided dorsal aorta, it should be 
possible for an anomalous recurrent nerve to occur 
on the left side. This contingency was discussed 
by Pemberton and Miller (1941), and a case was 
recorded by Berlin (1935) as having been discovered 
in a dissecting-room cadaver ; but it must be regarded 
as a great rarity, and the chances of encountering 
this anomaly at thyroidectomy can surely be dis- 
regarded. 

On the other hand an anomalous right recurrent 
nerve is not a rarity. McDonald and Anson (1940) 
found an incidence of just under 1 per cent in 1453 
cadavers, and Reed (1943) described 3 anomalous 
nerves in his 253 cadavers. In this series no fewer 
than 4 anomalous nerves were encountered in 100 
thyroidectomies, and whilst this last figure of 4 per 
cent is certainly very high, it does emphasize the 
importance of the anomaly, and the necessity of 
searching for the nerve in its anomalous position 
if it cannot be identified when sought in its normal 
course. Berlin (1935) suggested that anomalous 
recurrent nerves were found most commonly in 
coloured persons, but this must be a false impression, 
and the anomaly is probably encountered quite as 
frequently in the white races. 

Reed (1943) describes the 3 anomalous recurrent 
nerves in his series as arising from the vagus at the 
level of the larynx, and passing downwards and 
medially behind the common carotid and the inferior 
thyroid arteries to enter the larynx. This description 
accords with the course of the nerve in the 4 cases 
encountered in this series. In each case the nerve 
appeared from beneath the common carotid artery 
at the level of the cricoid cartilage, and looped down- 
wards, medially, and then upwards into the larynx. 
This final upwards curve of the anomalous nerve, 
which is not remarked upon by Reed, was very 
definite, so that the course of the nerve in this part 
corresponded closely to the upper third of the course 
of the normal nerve. 
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The relationship of the anomalous nerves ,mbe infe 
the inferior thyroid artery were variable, ind a the 


described in the operation notes which follow :~ 









Case 1.—Mrs. G. R., a woman aged 31, with a no 
toxic nodular goitre of moderate size. The left recurtey 
nerve lay deep to the main arterial trunk and y 
not vulnerable. The right nerve was anomalous ,; 
ran a typical course into the larynx. There was yj 
inferior thyroid artery on the right side and, althoug, 
the nerve was graded as non-vulnerable, it could hay 
been mistaken for the inferior thyroid trunk and liga 
in error. 

Case 2.—Mrs. R. P., a woman aged 38, with a larg 
non-toxic nodular goitre. The left recurrent nerve ) 
deep to the main arterial trunk and was not vulnerabk 
On the right side the inferior thyroid artery was reprfiic 
sented by two separate arteries ; a superior artery appex. 
ing from beneath the carotid sheath and presum. 
bly arising from the thyreocervical trunk, and » 
inferior artery arising from the common carotid artery 
The right nerve was anomalous, and it ran superfici 
to the superior artery and divided into two branch 
before entering the larynx. It was graded as nop. 
vulnerable. 

Case 3.—Mrs. M. Y., a woman aged 34, with a nop- 
toxic nodular goitre of moderate size. There had been 
a recent rapid increase in size of one nodule in the righ 
lobe, due in fact to hemorrhage, and associated wih 
dysphagia. The left recurrent nerve lay deep to th 
main arterial trunk and was not vulnerable. The right 
nerve was anomalous, and it passed between the main 
divisions of the right inferior thyroid trunk. The nervy 
was not considered vulnerable, although the possibility 
of its being ligated together with the main arterial trunk 
could not be absolutely excluded. A barium swallow 



































































carried out after operation showed an unmistakabk 3. 
indentation of the esophagus by a large artery passingi® plete 
behind it. The patient, who was of Welsh extraction jiccye 
and on a visit to her parents, returned to the United 4 
States of America soon after the operation so that: f h 
follow-up of the dysphagia has not been possible. at 
Case 4. (Case 8 in the series of vulnerable nerves)—[§ PPote 
Mrs. E. H., aged 48, with a large non-toxic nodulag remo 
goitre. The left recurrent nerve lay deep to the mai T 
arterial trunk and was not vulnerable. The right nerm I 
was anomalous, and as it curved upwards towards thiis ex 
larynx it was grossly displaced, being tethered to a larg: 2 
nodule on the posterolateral aspect of the superior pol larly 
of the gland by the fork formed by two glandular branches th 
of the superior division of the artery (Fig. 221). The ad 
nerve was freed from the goitre after division of one of 3 
these vessels, and it was felt that it must have beeng May 
damaged in dealing with this nodule unless previously 7 
identified. The nerve was graded as absolutely vulner-§ of tl 
able. Post-operative laryngoscopy one week later showed C 
no dysfunction. tom) 
Lahey (1944, 1947) described two differentgj men 
courses taken by anomalous nerves: in the firstgpt 
the nerve looped downwards to hook around thei. 
inferior thyroid artery ; and in the second, the nervegg Unis 
ran directly into the larynx. He considered that the the 
principal danger to the nerve was of ligation with and 
the superior thyroid vessels. Other observers The 
(Pemberton and Beaver, 1932 ; and Pemberton andg rect 
Miller, 1941) considered that ligation with they ect 
inferior thyroid artery was a more likely accident. 
There is, of course, no reason why the anomalous per: 
nerve should not run straight into the larynx if it vul: 
is not held down by the inferior thyroid artery ; but be. 
in each of the cases encountered in the present series} ¢ac 
the nerve formed a well-defined loop downwards and anc 
upwards, regardless of the presence or absence of Tigi 

















erves whe inferior thyroid artery, and it was felt that this 
ind » the usual course taken by an anomalous nerve. 
ow :— [furthermore, it was felt that the nerve was less liable 





» ligation with the superior thyroid vessels than it 
yas to ligation with, or instead of, the inferior thyroid 
tery; and in fact the one anomalous nerve to be 
osidered vulnerable was endangered in precisely 
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Was nthe same Way as an ordinary recurrent nerve might 
althougifffe endangered in the upper third of its course. 
uld haf Indeed, the impression gained from this investi- 
C ligate pation in regard to the vulnerability of anomalous 
h a lapgerccurrent nerves, is that the anomalous nerve in 
erve |,fgits distal part runs exactly the same risks as does the 






ordinary recurrent nerve in the upper third of its 
ourse, and that, provided the surgeon is alive to 
the possibility of encountering an anomalous nerve 
the risks of ligature in its proximal part are less than 
those run by a normal nerve in the lower two-thirds 
of the operative field. 

The Advisability of Routine Dissection of the 
Recurrent Laryngeal Nerves.—The principal 
arguments in favour of and against nerve dissection 
as a routine during subtotal thyroidectomy were 
stated in the introduction to this paper. 

Briefly, the arguments in favour are :— 

1. That it is a sound surgical practice to identify 
any important structure in the operative field which 
is liable to damage. 

2. That in the case of the recurrent laryngeal 
nerves at thyroidectomy identification of the nerves 
lessens considerably the incidence of post-operative 
paralysis of the vocal cords. 

3. That identification of the nerves enables com- 
plete hemostasis and adequate resection of thyroid 
tissue to be carried out with greater confidence. 

4. That the exposure of the posteromedial surface 
of the goitre entailed by dissection of the nerves 
protects the parathyroid glands from accidental 
removal. 
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e main The arguments against are :— 

t nerve 1. That the nerves are not in danger if due care 
7 te is exercised at operation. 

we = 2. That the recurrent laryngeal nerve is particu- 
anche “tly susceptible to trauma and may be damaged by 


Thee the manipulations necessary to expose it. 
one of 3. That delayed damage to the exposed nerve 
> beenff May result from organization of exudate in the wound. 
viously These arguments must be examined in the light 
vulner- of the findings in this investigation. 
howed a. Evidence of Danger to the Nerve at Thyroidec- 
tomy.—All surgeons will acknowledge the funda- 
mental principle that an important structure liable 
to injury during an operation should be identified 
in order to ensure its preservation. This is 
universally accepted, for example, in surgery of 
the gall-bladder in regard to the common bile-duct, 
and in identification of the ureter in pelvic operations. 
The point at issue is whether the unidentified 
recurrent nerve is, or is not, in danger during thyroid- 
ectomy if due care is exercised. 

It is impossible to deny that there is a large 
s§ Personal factor in the observations regarding nerve 
if it Vulnerability in this investigation, and that they can 
; but’) be suspect on that account, but it is submitted that 
series} €ach case was considered with the greatest of care, 
s andj and that the criterion of vulnerability was most 
ce off Tigicly applied. The findings were that out of 200 
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nerves whose courses were exposed at operation, 27 
were in considerable danger, and 3 could under no 
circumstances have been avoided if they had not been 
identified. The reason for the vulnerability of these 
nerves was that they had been so displaced from 
their expected anatomical course that no surgeon 
who had not exposed the nerves could be certain 
of avoiding them during the routine procedures of 
resection of thyroid tissue and of securing hemo- 
stasis. If it is assumed that a quarter of the vulner- 
able nerves and all the absolutely vulnerable nerves 
would have been damaged, it gives a figure of 5 per 
cent of nerve injuries. This compares with a figure 
of 3 per cent by Cattell (1948), and 1°6 per cent by 
Lahey and Hoover (1938), for nerve injuries in the 
Lahey Clinic before nerve ‘dissection was under- 
taken, and with a figure of 6 per cent to 8 per cent 
suspected by Riddell (1949) in his thyroidectomies 
before he practised nerve dissection. Furthermore, 
a completely unbiased survey carried out by 
Gisselsson (1949) on goitre operations performed 
in the Department of Surgery at Lund, at which the 
recurrent nerves had not been exposed, showed an 
incidence of nerve injuries following subtotal 
thyroidectomy of 7:5 per cent. 

It might be suggested that an estimate of 5 per 
cent for nerve injuries was unduly high, and this is 
probably true in the case of special thyroid clinics. 
But it must be remembered that a unilateral nerve 
injury can be very adequately compensated, so that 
the patient may be completely unaware of any 
disability except when unusual demands are made 
upon the voice ; as a result, if routine post-operative 
laryngoscopies are not carried out, the injury is 
liable to remain undetected unless a chance examina- 
tion unmasks it. Furthermore, although a bilateral 
nerve lesion occasionally causes immediate respira- 
tory obstruction, and invariably produces immediate 
changes in voice which cannot fail to attract attention, 
the voice tends to improve with time, and there is 
usually a latent period of a year or more before 
serious respiratory difficulty develops, in consequence 
of which the patient is in most cases referred to the 
Ear, Nose, and Throat Department for treatment. 
The impression gained from discussion with ear, 
nose, and throat surgeons upon this matter is that 
undetected unilateral nerve lesions are by no means 
uncommon, and that the disastrous bilateral lesions, 
although rare, are far more frequent than most 
surgeons would care to believe. 

It is therefore felt that the figure of 5 per cent for 
recurrent nerve injuries in general surgical practice 
is not excessive, and it is submitted that the results 
of this study strongly support the view that the 
unidentified recurrent nerve is in danger during 
thyroidectomy, however careful the surgeon. 

b. Evidence of Susceptibility of the Nerve to 
Damage through Dissection.—A study of the literature 
reveals numerous admonitions as to the danger of 
exposure of the recurrent nerves at operation. It 
also reveals numerous assurances that the practice 
carries little or no risk to the nerves whatsoever, 
either immediate or delayed. A large series of 
thyroidectomies in which the recurrent nerves were 
dissected and fully exposed, and in which pre- 
operative and regular post-operative cord examina- 
tions were carried out should supply conclusive 
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evidence upon this subject, but, unfortunately, so 
far as can be discovered no such series has yet been 
described. 

In this study an investigation was carried out on 
cord function following extensive dissection of the 
recurrent nerves. Of necessity, this investigation 
was far from complete, but it did show that in 84 
of 100 patients in whom the nerves were widely 
dissected at thyroidectomy, there was no evidence 
to the eye of expert and impartial observers of any 
cord dysfunction at times varying from one week to 
two years after operation. It is submitted that this 
is strong supporting evidence that exposure and 
identification of the nerve is almost entirely free 
from risk. 

c. Evidence that Identification of the Nerve 
diminishes the Incidence of Post-operative Cord 
Paralysis.—Lahey and Hoover (1938) claimed that 
the incidence of nerve injury fell from 1-6 per cent 
to 0°3 per cent when dissection of the nerve at 
thyroidectomy was introduced into the Lahey Clinic. 
Cattell (1948) gave a figure of 3 per cent, falling to 
0-7 per cent. Riddell (1949) claimed that he had 
had no cord paralysis in his last 100 thyroidectomies, 
and he estimated his incidence of nerve damage at 
6 per cent to 8 per cent before he undertook nerve 
dissection at operation. Whilst comparable figures 
cannot be quoted as a result of this investigation, 
the fact remains that 1-5 per cent of the nerves in 
the series were in absolute danger, and 13-5 per cent 
were in potential danger, and that this danger was 
avoided because the nerves were identified. Again 
it is felt that this strongly supports the view that 
nerve identification does diminish the incidence of 
post-operative cord paralysis. 

d. Evidence that Identification of the Recurrent 
Nerves facilitates Hemostasis, ensures Adequate Resec- 
tion of Thyroid Tissue, and prevents Post-operative 
Tetany.—Both Lahey (1947) and Cattell (1948), with 
their vast experience of thyroid surgery, claimed that 
routine exposure of the nerve at thyroidectomy 
reduced the frequency of hemorrhage, tetany, and 
recurrence of the goitre as post-operative complica- 
tions. In the 100 thyroidectomies performed in 
this series there was no case of post-operative 
hemorrhage of any consequence. There has been 
to date 1 secondary operation for a recurrence in the 
pyramidal lobe of a nodular goitre, and there were 
2 cases of transient parathyroid tetany. It is not 
suggested that these figures are of any real significance, 
least of all that for the recurrence rate, and any support 
from this investigation for the claims made by Lahey 
and Cattell must come from personal impressions. 
In the light of personal experience there can be but 
little doubt that the confidence and security felt 
when the nerve is exposed throughout its course in 
the operative field, enables the surgeon to resect 
the desired amount of thyroid tissue and to secure 
all bleeding points with certainty and calm delibera- 
tion. The practice of identifying at least two 
parathyroid glands as recommended by Lahey (1947) 
has proved much more difficult to implement. 
Williamson (1926) remarked on the difficulty of 
distinguishing the parathyroid glands from thymic 
nodes, lymph-nodules, and small pieces of fat 
or of thyroid tissue, and this has certainly been 
- my experience. However, the thorough exposure 
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of the posteromedial surface of the goitre doe ensyy 
the preservation of all tissue which be.rs an, 
resemblance to a parathyroid gland, and und: ubtedjy 
contributes to its protection. 

It is not suggested that identification of th: 
recurrent nerves would reduce post-operative iemor. 
rhage and tetany, or affect the recurrence rate in th 
practice of a surgeon with exceptional experieng 
in thyroid surgery, but it is felt that in average hang 
these complications would be notably diminished 
On the other hand, in the case of nerve injury anj 
post-operative cord paralysis the evidence point 
convincingly to the advantages of visualizing th 
nerve however experienced and careful the surgeon, 
The consequences of bilateral nerve injury ar 
extremely serious, and unilateral damage, althoug) 
it usually carries no grave disadvantages, can be, 
disaster in certain professions and employment. 
Whilst no claim is made for absolute immunity off potenti 
the nerve if it is fully exposed at thyroidectomy, it yulneré 
can be asserted with confidence that the risk entailedf  §. 
by nerve dissection is negligible, and that the inc-§ freque: 
dence of injury to the nerve is notably reduced by§ middle 
this practice. arteria 

It might be suggested that on occasions the extra at all 
time involved in exposing the recurrent nerves would§f fixatio 
be a matter for serious consideration. But the region 
surgeon who undertakes routine recurrent nerve 6. 
dissection at thyroidectomy will rapidly become 
familiar with the anatomy of the nerve and will find 
that, apart from occasional difficulty in identifying 
the nerve, particularly on the right side, the extra 
time required for this procedure is usually very 
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short. Indeed, hemostasis and resection of the 7. 
goitre can be carried out with such confidence if the place 
nerve is displayed, that time may actually be saved § cours: 
Nevertheless, calculated risks have to be accepted a but it 
times, and as Lahey and Hoover (1938) pointed out, devel 
it may be inadvisable to look for the nerves in aff fork 

seriously ill patient. Since the advent of ant-§ fascia 
thyroid drugs in the pre-operative preparation off tissuc 
thyrotoxic patients, such occasions must be very—f study 


rare: however, severe myocardial damage in a 8. 
elderly patient with secondary thyrotoxicosis might of th 
well fall into this category. - 
the r 

In conclusion, the results of this study show tha are 1 
the recurrent nerve is frequently vulnerable during com; 
subtotal thyroidectomy, and that this danger can The 
largely be avoided by identification of the nerve™ term 












throughout its course in the operative field, with af of tl 


consequent marked fall in the incidence of post- C 

operative cord paralysis. Furthermore, the exposuref} disp 

entailed by this dissection diminishes the frequency} vulr 

of hemorrhage, tetany, and recurrence of the goitrt{} sma 

as post-operative complications, and carries ®§ pro. 

negligible risk of immediate or delayed nerve damage. 

In brief, this investigation lends the strongest suppor to | 

to the practice of routine dissection of the recurrent liga 

nerves at thyroidectomy. pos 
veit 

SUMMARY 
1. A study of 100 subtotal thyroidectomies is§ of 


presented in which the recurrent laryngeal nerve") thy 
was widely exposed on both sides. The surgical the 
anatomy of the nerve and its vulnerability at operation up; 
were investigated. adi 














nul 2. Normally the nerve takes an oblique direction 
CS anyiin the lower third of its course in the neck, and 
ubtedifiarely lies snugly in the cesophagotracheal groove. 
‘ip the midthyroid region it may come into intimate 
lationship with thyroid tissue. Fascia in relation 
« the nerve is usually strongest at the upper third 
of its course, so that exposure of the nerve is more 
dificult at this site than elsewhere. 

3. The most important anatomical relationship 
of the nerve is to the inferior thyroid artery and its 
branches. Eight important nerve-artery relation- 
ships are described, and their relative frequency is 
recorded. Most frequently the nerve lies deep to 
the artery or its branches. Far less commonly it is 
found between the distal glandular branches. 

4. Vulnerability of each nerve was estimated at 
operation : I°§ per cent of nerves were considered 
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yments, to be in absolute danger, and 13-5 per cent to be in 
nity off potential danger. The right nerve was more often 
omy, it™ yulnerable than the left nerve. 





ntailedf# 5. Vulnerability of the nerve occurred a little more 
¢ inci-# frequently in the upper third of its course than in the 
ced by middle and lower thirds. Vulnerability due to 


arterial fixation to the goitre occurred frequently 
at all three sites, but vulnerability due to fascial 
fixation rarely occurred away from the midthyroid 


region. 


€ extra 
would 
ut the 


nerve 6. Compression in a ligature either subsequent 
ecomef# to crushing by a hemostat or during suture of the 
ill find gland tissue is the commonest mode of nerve injury. 


tifying# Less commonly the nerve is divided by a sharp 


> eXtra instrument. Injuries due to stretching or to exposure 
’ very of the nerve at operation are probably rare. 
of the 7. The basic cause of nerve vulnerability is dis- 
-if the placement of the nerve from its expected anatomical 
saved. @ course. Rarely this occurs for no apparent reason, 
ted at but it is usually due to fixation of the nerve to the 
d out,§ developing goitre. Fixation may be caused by the 
3 INa@fork of a branching artery or by well-developed 
ant-@ fascia. Tunnelling of the nerve through thyroid 
On oi tissue was never a primary cause of fixation in this 
very study. 
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a 8. Fixation of the nerve to the goitre by branches 
might 


of the inferior thyroid artery is by far the most 
important single factor responsible for endangering 
the nerve. The common nerve-artery relationships 
are the least dangerous, and this accounts for the 
comparative immunity of the nerve at operation. 
The nerve is most vulnerable when it lies within the 
terminal glandular branches of the two main divisions 
of the artery. 

9. Very large nodular goitres may cause gross 
displacement of the nerve and make it absolutely 
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lenc)} vulnerable. Adequate resection of the relatively 
soitres smaller but more vascular diffuse toxic goitres 
cs i provides a greater potential danger to the nerve. 

nage. 10. Attention is drawn to the danger of injury 
por to the nerve when the inferior thyroid veins are 


rrent ligated and divided. It is suggested that when 


possible the nerve should be identified before these 
veins are divided. 

1. Attention is also drawn to the possibility 
of .erve injury during ligature of the superior 
erve™) thy:oid pedicle if the goitre lies unusually low in 
gicaly the neck. In this event nerve dissection at the 
muon upper pole of the thyroid lobe is particularly 
adv ‘sable. 
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12. An anomalous right recurrent nerve is not 
a rarity. Four such nerves occurred in this series. 
They are described and their surgical significance 
is discussed. 

13. Eighty-four out of the 100 patients were 
examined at varying times after operation, by an 
ear, nose, and throat surgeon. In no case was there 
any evidence of immediate or delayed cord dysfunc- 
tion, despite wide exposure of the nerves at operation. 

14. The practice of routine dissection of the 
recurrent laryngeal nerves at thyroidectomy is dis- 
cussed and is strongly supported. It is estimated 
that in average hands at least 5 per cent of nerves 
are damaged at operation. These injuries can largely 
be avoided by identification of the nerve throughout 
its course in the operative field. The wide dissection 
entailed carries a negligible risk to the nerve, and 
diminishes the frequency of haemorrhage, tetany, 
and recurrence of the goitre as post-operative 
complications. 


I am indebted to Mr. R. D. Owen, Mr. H. A. 
Thomas, and Mr. J. A. B. Thomas, Consultant 
Surgeons to the Ear, Nose, and Throat Department 
of the United Cardiff Hospitals, and to Mr. John 
Jenkins, and Mr. David Stephens, Senior Registrars 
to the Department, for their interest in this investiga- 
tion, and for carrying out the post-operative laryngos- 
copies. The drawings were made by Miss June 
Williams, medical artist at the Welsh National School 
of Medicine. 
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TRAUMATIC injuries to the pancreas result either 
from abdominal injuries, penetrating or non- 
penetrating, or from surgical operations. Penetrating 
injuries are uncommon clinically, because most 
wounds of this region are immediately or quickly 
fatal and do not reach surgery. Gordon-Taylor 
(1953), reviewing the penetrating abdominal wounds 
of the Second World War, found reported pancreatic 
injuries to be the least common of any viscus. 
Brigadier Porritt’s analysis of abdominal casualties in 
21 Army Group showed an incidence of pancreatic 
wounds of only 1:29 per cent. The few found at 
operation had an evil reputation. In Malaya only 
I case has been reported in 75 penetrating wounds 
of the abdominal cavity operated on in military 
hospitals since 1950, and that case (with associated 
liver and colon wounds) died after 48 hours. 

Non-penetrating injuries involving the pancreas 
are even less common. Mocquet and Constantini 
(1923) were able to collect from the literature 30 cases 
of non-penetrating injury solely involving the 
pancreas, of which 21 were operated on, with 16 
survivors. In this series, no case unoperated on 
survived. However, minor pancreatic injuries are 
not necessarily fatal without operation and sometimes 
first present as a pseudocyst. Warren (1951), 
reviewing pancreatic injuries, points out that the 
trauma producing a pancreatic laceration with a non- 
penetrating injury may sometimes be slight. The 
force of the injury, transmitted to the pancreas, 
causes a minor contusion with a small local hematoma. 
Pancreatic enzymes, however, escape and local 
necrosis occurs which may result in serious, some- 
times massive, bleeding or extensive necrosis. Severe 
symptoms may develop early or may be delayed. 
Occasionally they may be insufficient to warrant 
laparotomy and the nature of the condition is not 
recognized until a pancreatic pseudocyst occurs 
some time later. 

In addition to the complications of hemorrhage 
and pseudocyst formation, the pancreatic hematoma 
may become infected, producing a pancreatic or 
a subdiaphragmatic abscess. Another complication 
is the development of a pancreatic insufficiency 
following injury ; steatorrhcea and diabetes mellitus 
are described (Warren, 1951). 


PANCREATIC FISTULA 


The commonest complication of a non-fatal 
pancreatic injury is the subsequent development of 
a pancreatic fistula. Typically, it follows some form 


POST-TRAUMATIC PANCREATIC FISTULZ: WITH A REPORT OF A 
CASE TREATED BY JEJUNAL IMPLANTATION 
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drainage for an acute injury, later drainage of ,—m dilatati 
digested or infected haematoma, or after the mar. part of 
supialization of a pseudocyst. A special group arf 2 thei 
those resulting from the accidental injury of ,jof ta! 
pancreatic duct during surgery in this region, usually 9 2% 
gastrectomy. In a recent paper Krafft (195,)f these ' 
collected 61 cases following partial gastrectomy. § the 
Lahey and Lium (1937) make an importan§g >roncl 
distinction between two clinical types of pancreaticf§ % 8° 
fistulae :-— dissect 
1. Large main-duct fistule which interfere with? ™*€ 
nutrition ; and dissect 
2. Incomplete fistula which do not. openut 
The large complete fistula is rarely seen, probably 424 
because it usually results from the accidental cutting Pe" 
of Wirsung’s duct at operation, which is recognized a fistula 
the time and dealt with by implantation at once. “ter 
Garis and Meckel (1934) describe a case of the jp meth 
complete variety resulting from a carcinoma of Vater’ jp “* fi 
ampulla, with profound constitutional disturbance ff ut P 
and death in three weeks. The incomplete fistula, a8 
tector 


on the other hand, appears to cause little or no general 
disturbance and has a tendency to spontaneous 



























closure. Both of Krafft’s cases closed spontaneously, § YP* 
as did one of Keynes’s (1944) two cases, one of A 
Warren’s (1951) six, and two of Wiper and Miller's Warr 
(1944) three cases. inclu 
Management of a Pancreatic Fistula.—Th In a 
complete fistula requires urgent operative identifica- B 4 Po 
tion of the cut end of the duct and its implantation with 
into the alimentary tract if the patient is to survive § ™* ™ 
and this should be done, if recognized, at the opera- 
tion at which it was cut. The incomplete fistula, 
because of its tendency to close, should be given sie 
an opportunity to do so. aa 
The principles of conservative treatment are 0 f non- 
protect the skin by continuous suction and a protective & oton 
(aluminium) paste, to maintain the fluid and electro- duoc 
lyte balance of the body and to watch for any evidence § ham 
of defective digestion, giving predigested foods i! Pres 
necessary. Atropine or ephidrine may be given 10 ben 
suppress pancreatic secretion. Where the loss of a 
pancreatic juice is considerable, much water and erat 
carbonate may be lost to the body, producing severe § tran 
dehydration and acidosis, for which intravenous 
normal saline should be given (not alkalis) to restore § with 
the balance. There may develop a severe anxmia ngh 
re 





requiring blood replacement. Such cases require 
a high-protein, high-calorie diet. The draining 
pancreatic juice should be collected and given back 









POST-TRAUMATIC PANCREATIC FISTULA 


to the patient to drink, flavoured with fruit juice 
Wiper and Miller, 1944; Warren, 1951). 

‘ Operative treatment of a pancreatic fistula may 
pe either : (I) an attempt to implant the fistula into 
ome part of the alimentary tract; or (2) excision 
of the distal part of the pancreas, including the 
ggment from which the fistula arises. Opinion is 
divided as to which is the better method, for although 
implantation would seem to be the most rational 
method, it is technically difficult with a chronic 
fstula. When the duct has been cut during opera- 
tion, a main-duct fistula will result and identification 
of the cut end, with mucosa-to-mucosa implantation 
into the alimentary tract, done at once, is the best 
treatment. For cases operated on after the fistula 
has developed, the tract is usually traced back to 
the pancreas, cut off flush with it, and the duct, after 
dilatation if necessary, implanted into an adjacent 
part of the alimentary canal. Lahey and Lium (1937) 
in their review found that, of the 25 reported cases 
of transplantation, 14 had been into the stomach, 
g into the jejunum, and 2 into the gall-bladder (1 of 
these was followed by cholecystogastrostomy). One 
of the jejunal implantations died of post-operative 
bronchopneumonia, but the remainder were reported 
as good results. Lahey, in order to avoid the 
dissection of the tract back to the pancreas, devised 
a method of fistulojejunostomy, by preserving and 
dissecting back the track from its peripheral skin 
opening, which he then implanted into a loop of 
jejunum. The result was successful. Keynes (1944) 


repeated Lahey’s operation with success on a chronic 
fistula following drainage of a pancreatic laceration 
after blunt injury. Warren (1951) employed this 


method (mobilization and jejunal implantation of 
the fistulous track) in one of 6 cases he reported, 
but post-operative relapsing chronic pancreatitis and 
persistent cyst formation necessitated distal pancrea- 
tectomy some eighteen months later. In the case 
to be described, which followed blunt injury, a Lahey 
type implantation was used. 

An alternative method of treatment, preferred by 
Warren (1951), is distal pancreatectomy, which should 
include the segment from which the fistula arises. 
In a series of 6 cases reported (2 post-traumatic, 
4 post-gastrectomy), he employed this method twice 
with success. For closure of the pancreatic remnant 
he recommended silk mattress sutures. 


CASE REPORT 


_A Malay soldier, aged 20, was admitted to the British 
Military Hospital, Singapore, on Oct. 11, 1951. Five 
weeks previously, at Kuala Lumpur, he had sustained a 
non-penetrating upper abdominal injury, for which lapar- 
otomy had been performed. Contusion of the stomach, 
duodenum, and ascending colon and a retroperitoneal 
hematoma had been found. Two weeks later an abscess 
Presented in the wound and was drained through a 
separate subcostal stab, about two pints of ‘ greyish pus’ 
being obtained. This continued to drain and during 
the next two weeks gradually changed to a clear colour- 
less fluid, thought at this stage to be urine. He was 
transferred to Singapore. 

_ Seen on arrival, he was a well-nourished young Malay 
with a recently healed upper paramedian scar and a small 
right subcostal stab wound over the outer edge of the 
rectus, through which drops of clear colourless fluid 
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exuded. Local skin excoriation suggested a pancreatic 
origin and this was confirmed by laboratory examination 
of the fluid, which was found to be pure pancreatic juice. 
His general condition was good, with no evidence of 
dehydration or nutritional disturbance, and it was decided 
to give the fistula a chance to close spontaneously. 
Aluminium paste was applied to the skin and a suction 
device arranged to collect the fluid, which was returned 
to him by mouth, flavoured with fruit juice. Between 
200 c.c. and 300 c.c. drained daily. He was put on a 
high-protein diet. When, after three weeks, the fistula 
still showed no signs of closing, it was decided to try 
implantation by the method described by Lahey and 
Lium (1937). — = 

On Nov. § a small elliptical incision was made around 
the skin opening of the fistula and continued transversely 
in each direction. The fistula, into which a small rubber 
catheter has been introduced to help identify the track, 
was then carefully dissected back for about 4 in. The 
peritoneal cavity was opened and a suitable loop of jejunum 
selected, into which the opening of the fistula was im- 
planted, using Lahey’s technique. The width of the 
dissected track, about the size of the index finger, and a 
reluctance further to reduce this for fear of opening into 
the fistula itself, made this the most difficult part of the 
operation. The fistula was implanted for about 1 in. 
into the bowel lumen, and the implanted loop was then 
defunctioned by a side-to-side anastomosis above and 
below. The fistulo-enterostomy was anchored to the 
parietal peritoneum, to ensure that any leak would be 
extraperitoneal, and the wound was closed with a small 
piece of corrugated rubber drainage-tube down to the site. 

Post-operative recovery and convalescence were quite 
uneventful but the wound leaked at the site of the drainage 
from the second day. This continued for a week, though 
much less in amount than before, then ceased for five 
days, then started again. The variable daily amount 
leaking, sometimes very little, made it obvious that most 
of the pancreatic juice was going into the jejunum. 
Finally, on Dec. 18, 1951, an attempt was made to close 
the leak by tying a subcutaneous purse-string around the 
fistula. This was successful. There was no further 
leakage and four weeks later he was returned to his unit, 
fit for duty. He is still serving and symptomless. 


SUMMARY 


1. Post-traumatic pancreatic fistule are reviewed 
and their management is discussed. 

2. A case is described, successfully treated by 
implantation of the dissected fistulous track into a 
defunctioned jejunal loop. 


I am indebted to Brigadier Douglas Bluett, 
O.B.E., Director of Medical Services, Far East Land 
Forces, for permission to publish this paper. 
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ULCERATIVE COLITIS WITH DILATATION OF THE COLON 


By GEORGE LUMB, ROGER H. B. PROTHEROE, anp GORDON S. RAMSAY 


FROM WESTMINSTER HOSPITAL, LONDON 


THE most usual course for the disease process in 
ulcerative colitis is one of long-standing chronicity 
from the clinical point of view. The pathological 
changes which occur during this period follow a 





FIG. 222.—Case 1. Radiograph showing enormously dilated 


transverse colon. 





FIG. 224.—Case 1. Stricture in descending colon. (x 1°8.) 


pattern of increasing superficial mucosal ulceration 
of a ragged nature with damage extending through 
the muscularis mucose to the submucosal, where 
replacement fibrosis occurs at a relatively early stage. 
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FIG. 223.—Case 1. Operation specimen showing dilated ship: 

transverse colon and two areas of constriction, one in descend- 

ing colon and one in sigmoid colon. 


With this continuing process of superficial damag: C 
and repair a constant re-epithelialization occun—§ und 
which seems to take place largely from survivin ™* 
crypts in the areas unaffected by the irregular mucosi — 
damage. This feature has also been observed }; of di 


O’Connor (1954) in experimental lesions produce 
in the colon of mice. 

The purpose of this communication is to drav JB agai 
attention to what appears to be a small group df 195: 
cases where rapid damage takes place involving 1 of ¢ 
coats of the colon wall. This type of lesion motif % | 
commonly presents as an acute fulminating process, 
but does not necessarily occur at an early stage 0 og, 
the development of the ulcerative colitis. Thus inf} ey, 
4 of the 7 cases about to be described the acutH tri 
process began less than one year after the firt®) tra 
symptoms, whereas in 3 cases it manifested itself} cor 
more than five years after onset. the 

In the course of study of 320 cases in the West-} °™ 
minster Hospital Group which have been collected 
between 1949 and 1954, 7 examples have been noted 
where colonic dilatation was a prominent feature of ¢y) 
the condition. In 5 cases the presentation was of 2 ba 
very acute nature. In I case the process seems 0 of 
have advanced into chronicity with fibrous repaif by 
and in the seventh case, which again is of a chronic 8° 
nature, the lesion has been noted clinically and by 
means of radiographs but no surgical interference fo 
has been attempted, with the exception of a diag- 
nostic rectal biopsy. In each case a diagnosis of gj 
ulcerative colitis was confirmed by sigmoidoscopy ci 
and in 4 cases rectal biopsy was also performed. ti 
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In 6 cases total colectomy was carried out and the 
specimens sO obtained were investigated as follows : 
Immediately after operation the colon was filled with 
jo per cent formalin and the specimen was fixed for 
wenty-four hours in a large tank. Subsequent 
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Histology.—The dilated areas shows destruction of all 
elements of the bowel wall. The mucosa and muscle 
layers are replaced by cedematous granulation tissue with 
early fibrous repair. There are only isolated areas of 
remaining epithelium, so that regeneration is virtually 
impossible (Figs. 225, 226). 








sudy included macroscopic photographs (see Figs. 


lamag MM 223, 224, 228, 232, 233, and 238) and numerous 
lon wali histological preparations from the various zones of 
CTCaSing 


bowel 





I Area of ulceration in transverse colon 
showing complete destruction of muscle layer in one part with 


Fic. 225.— Case 1. 


early necrosis in another. H. and E. (* 1$§.) 





colon, including giant sections, so that exact relation- 


— ships of the abnormal areas could be investigated. 
CASE REPORTS 

amagr Case 1 (§4/690).—A. C., male,-aged 25 years at onset, 
occun # under the care of Dr. E. R. Cullinan, complained of diar- 
viving thea in 1943 when on service in North Africa. This was 
ucos:| |e teated satisfactorily in hospital and he remained quite fit 
ed by until 1948, when he was admitted to hospital complaining 

diel of diarrheea with blood in the stools for the first time. 
. EXAMINATION AND INVESTIGATIONS revealed the 
presence of ulcerative colitis of a distal type. Once 
drav J again he became quite fit and remained so until October, 
up di 1953, when an increasingly severe diarrhoea with passage 
ng alf of blood and mucus commenced which did not clear up, 
most so that by April, 1954, when he was first seen in the 
Ocess, Gordon Hospital, he had lost 1 st. in weight. He was 
ge in extremely ill, with a swinging temperature, and complain- 
ii ed of lower abdominal pain and diarrhea. Examination 
peo revealed abdominal distension, maximal in the epigas- 


trium. Radiographs showed gross dilatation of the 
firs} transverse colon with loss of haustration and areas of 


itself constriction in the descending and sigmoid colon, but 
' there was no obstruction to the passage of a bismuth 
Vest-fe enema (Fig. 222). On investigation, the haemoglobin 
acted was 12-6 g. per cent, leucocyte count 15,000 per c.mm., 
soted serum-chlorides 90 m.eq./L., serum-sodium 127 m.eq. 1. 
re off 22 Serum-potassium 2:14 m.eq. l. A Miller-Abbott 
tube was passed with no effect. The electrolyte im- 
of a balance was restored, but, as the patient showed no signs 
18 10 of yeneral improvement, a total colectomy was performed 
pair, by Mr. A. Lawrence Abel on June 8. Subsequently 
onic generalized peritonitis developed and he died. 
i by [HE SPECIMEN (Fig. 223) shows the terminal ileum 
ence an: the colon as far as the rectosigmoid junction. The 
liag- fol'owing features are seen: (1) The normal terminal 
a ile m, c#cum, and ascending colon. (2) The grossly 
> “i dil ted and ulcerated transverse colon. (3) The areas of 
opy co.\striction at the splenic flexure and rectosigmoid junc- 


ned, tin, with dilatation of the bowel between them (Fig. 224). 











Case 2 (5§3/1216).—A. J., female, aged 69 years at 


onset, under the care of Mr. Michael Smyth, complained 


/ 


FiG. 226.—Case 1. 


: Complete destruction of mucosa and 
muscle wall in the transverse colon with early fibrous replace- 


ment. H. and E. (x 7°5.) 





Radiograph showing diverticula in the 


FIG. 227.—Case 2. 
descending colon and normal transverse colon one year before 
the acute exacerbation occurred. 


of diarrhoea with blood in the motions in January, 1953, 
associated with pain in the right iliac fossa. She attended 
the Gordon Hospital in July, 1953, and was thought to 
be suffering from diverticulitis, as a barium enema revealed 
diverticula of the descending colon and rectal biopsy at 
5 cm. showed no evidence of disease (Fig. 227). 

The condition remained quiescent until January, 1954, 
when the diarrhoea became more severe. A _ further 
barium enema showed no evidence of ulcerative colitis, 
but sigmoidoscopy revealed an acute proctitis confirmed 
by biopsy of the rectum at II cm. 

In May, 1954, she again suffered a relapse associated 
with severe colicky generalized abdominal pain and diar- 
rhoea, with passage of twenty motions daily. 
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On EXAMINATION.—She had a swinging temperature 
up to 102° F., and the abdomen was tender. Her hemo- 


globin was 11-6 g. per cent and the leucocyte count 14,000 


of intermittent constipation and diarrhoea with pa:sage ¢ 
blood associated with malaise, headache, vomiting, anj 
fever, with a temperature of 102° F. She was initially 


. 228.—Case 2. 


“ £ 
a 


FiG. 229.—Case 2. Area of ulceration in the transverse 
colon with vascular dilatation, extensive muscle damage, and 
no evidence of repair. H. and E. (x 26.) 


per c.mm. She continued to have a tender abdomen 
which gradually became distended. 

An emergency laparotomy was performed on Aug. 20. 
A generalized peritonitis with an acutely inflamed and 
dilated transverse colon with multiple perforations was 
found. A partial colectomy was performed and the peri- 
toneal cavity was washed out, but the patient died the 
following day. Autopsy revealed the cause of death to 
be myocardial failure with gross fatty degeneration of the 
myocardium due to generalized peritonitis. 

THE SPECIMEN (Fig. 228) shows the colon from the 
hepatic flexure to sigmoid. There is diffuse reddening 
of the mucosa, with thinning of the proximal part and 
associated dilatation of the transverse colon. The serosal 
surface shows diffuse fibrinous peritonitis and there are 
four areas of perforation. 

Histology.—All areas show widespread ragged ulcera- 
tion of the mucosa with intense vascular congestion and 
cedema. There is diffuse damage affecting the muscle 
wall, with early fibrous repair (Figs. 229, 230). 


Case 3 (54/1258).—S. M., female, aged 26 years at 
onset, under the care of Dr. E. R. Cullinan, complained 


Operation specimen showing widespread dilatation of the 
colon, hemorrhagic ulcerated mucosa, and multiple perforations. 


thought to be suffering from typhoid fey 
but no pathogenic organisms could be foun 
She was admitted to Leeds Infirmary q 
April 19, 1954, where a diagnosis of acyy 
ulcerative colitis was made as a result of 
sigmoidoscopy and barium enema whic 
showed unusual gaseous distension of the 
colon (Fig. 231). 

She was treated with cortisone for giy 
weeks, responding dramatically initially, by 
later she developed signs of cortisone over. 
dosage necessitating gradual withdrawal, 

She was admitted to the Gordon Hospity| 
on July 9. 

ON EXAMINATION.—She was very ill 
She had a swinging temperature and her 
abdomen was tender and distended. He 
hemoglobin was 7:7 g. per cent She had 
a leucocytosis of 12,000 per c.mm. The 
cortisone was continued and blood trans- 
fusions were given. Her condition improved 
somewhat and Mr. S. O. Aylett performed 
a laparotomy on July 19. A _ generalized 
peritonitis with adhesions between the colon 
and the anterior abdominal wall was found, 
A total colectomy with temporary ileostomy 
was performed and continuity was restored 


FIG. 230.—Case 2. 


c Higher-power view of the base of the 
ulcer seen in Fig. 229. 


H. and E. (* 45.) 


later by an ileorectal anastomosis. 
recovery. 

THE SPECIMEN (Figs. 232, 233) consists of the terminal 
ileum and colon as far as the rectosigmoid junction. The 
entire colon shows active ulceration and in the transverse 
colon (Fig. 233) there is gross dilatation producing, a 
paper-thin wall. There is some narrowing of the 
descending and sigmoid colon. 

HIsTOLoGy.—The dilated areas show ragged ulcera- 
tion with occasional remnants of mucosa. The sub- 
mucosa and muscle layer is replaced by very vascular 
granulation tissue with early fibrous repair (Fig. 234). 


Case 4 (54/2140).—F. G., male, aged 22 years at onset, 
under the care of Mr. S. O. Aylett, complained first in 
February, 1954, of ‘prolapsed piles’ and rectal bleeding, 
followed, a few months later, by diarrhoea. He improved 
in July and August, although he continued to have four 
bowel actions daily. 

In September he again relapsed, with severe diarrhea 
and eight to ten motions daily. He was admitted to the 
Royal Hospital, Isle of Wight, where he was found to be 
suffering from acute ulcerative colitis necessitating eleven 
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Sage of fmplood transfusions. He was transferred to the Gordon show an acute peritonitis and the transverse colon is 
1g, andfmospital on Dec. 3. widely dilated. 

iNitially {| ON EXAMINATION.—He was very dehydrated but Histology.—All zones reveal ragged ulceration and 
d fever MMpyrexial. His abdomen was tender and somewhat damage to the muscle layer, but in many areas the 
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e F1G. 232.—Case 3. Outline diagram of operation speci- 
men; A, Shows the area where normal ileum met abnormal 
cecum; B, The region of dilated transverse colon; and C, 

The relatively stenosed descending colon. 


destruction is not so far advanced as in the previous 
cases (Fig. 236). 

Case § (§5/374).—H. B., male, aged 35 years at onset, 
under the care of Dr. E. R. Cullinan. Symptoms of 
intermittent attacks of diarrhoea with occasional passage 
FiG. 231.—Case 3. Radiograph showing widely distended of blood in the stools commenced in 1939. The condition 

transverse colon. remained relatively quiescent for twelve years until 1951, 
when he had severe hemorrhoids. During the last four 
years diarrhoea gradually increased until in January, 1955, 
he commenced his most severe attack. He was admitted 
















erse FIG. 233.—Case 3. Close-up of paper-thin, dilated transverse FiG. 234.—Case 3. Vascular dilatation, ragged ulceration, 
g.a colon from the region marked B in Fig. 232. (# scale.) and total muscle destruction with very early fibrous replace- 
th ment of the transverse colon. H. and E. (x 18.) 















distended ; a radiograph revealed a dilated colon (Fig. tothe Gordon Hospital on Feb. 21, 1955. He was passing 
235). His haemoglobin was 9:2 g. per cent, and leucocyte _ fifteen to twenty motions a day ; he was dehydrated and 
count 11,000 per c.mm. Following a blood transfusion had a swinging temperature up to 102° F. His hemo- 
on Dec. 6, a total colectomy with ileostomy was performed. globin was 14°7 g. per cent and leucocyte count 18,600 
At the time of operation an acute, relatively mild, but per c.mm., with 84 per cent polymorphonuclears. Sig- 
set, [eseneralized peritonitis was noted. He subsequently moidoscopy and biopsy revealed active ulcerative colitis 
in [§ developed intestinal obstruction due to a pelvic abscess with diffuse stenosis of the rectum. His diarrhea con- 


Ta- 
ub- 
ilar 


ng, (and died. tinued and he passed large blood-clots per rectum. His 

ved Autopsy showed the cause of death to be massive abdomen became painful, tender, and distended. A 

yur hemorrhage into the peritoneal cavity associated with a radiograph of the abdomen revealed a dilated transverse 
Pelvic abscess. colon filled with gas. 

cea TH: SPECIMEN.—Consists of terminal ileum and colon On March 2 Mr. S. O. Aylett performed a total 


he §48 far as the rectosigmoid junction. The entire colon colectomy and ileorectal anastomosis. At operation 
be j§ shows ‘evere ulceration, with the ulcers arising parallel there were numerous adhesions between the transverse 
en to the teenie coli. Both ascending and transverse colon colon and omentum, and between the hepatic flexure and 
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liver with associated subacute peritonitis. He made a the mucosa with hemorrhage is seen and there js 
good recovery from the operation. tendency for the ulcers to follow the line of the tai vie coj, 
THE SPECIMEN.—Acute colitis affects the region from Histology.—The distended area shows dilatation , 
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FiG. 237.—Case 4. Ragged ulceration and early necrosis 
of inner circular muscle layer with almost total replacement 
of outer longitudinal muscle layer in transverse colon. H. and 
E. (x §0.) 

mucosa with widespread necrosis of the muscle wall 
There is very little attempt at fibrous repair. 

Case 6 (§4/422).—I. S., male, aged 48 years at onset, 
under the care of Mr. A. Lawrence Abel, had symptom 
in May, 1947, of rectal bleeding and pain in the left iliac 
fossa. A barium enema showed diverticula of the de:- 
cending colon and he was thought to have diverticulitis 
The condition subsided. 

oe In June, 1952, he had an attack of diarrhcea, passing 
235.—Case 4. Radiograph showing dilated, gas-filled five to six motions a day for a month, followed by a recur 
transverse colon. rence of rectal bleeding. The condition gradually in- 


FIG. 238.—Case 6. Operation specimen showing dilated 
transverse and narrowed descending colon with smooth, 
glistening atrophic mucosa. 


proved, but in August, 1953, it recurred with severe 

bleeding. He was admitted to the West London Hospital 

as a surgical emergency. He was found to be suffering 

from a severe total colitis and anemia. As he was 10 

FIG. 236.—Case 6. Radiograph showing dilated, gas-filled ill for a colectomy to be performed he was given blooc 

transverse colon. transfusions. On Oct. 28, whilst still in hospital, he 

suffered a left hemiplegia due to cerebral thrombosis an¢ 

terminal ileum, caecum, and ascending colon are normal. an old suprapubic wound broke down owing to retention 
The transverse colon shows wide dilatation and there is of urine. 

an area of diffuse narrowing associated with fibrosis in He was admitted to the Gordon Hospital on March 5; 

the wall extending over an area 5 cm. in length in the 1954. On admission his colitis was relatively quicscent. 

distal sigmoid colon. Widespread ragged ulceration of Sigmoidoscopy with biopsy showed a relatively normal 
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cum. Barium enema revealed dilatation and loss of 

wttern of the transverse colon and a colitis involving the 

‘moid colon with linear stenosis (Fig. 237). 

"On April 13 a left hemicolectomy and repair of a large 

,cisional ventral hernia was performed. Dense fibrous 
esions were found between the transverse colon and 

e anterior abdominal wall. He died on May 7. 
,utopsy revealed pyelonephritis due to a recurrence of 
his original urinary infection. 

THe SPECIMEN.—Transverse, descending, and sig- 
mid colon (Fig. 238). The mucosa is smooth and 
sophic, with occasional areas of hemorrhage and ulcer- 
sion. The transverse colon is widely dilated and there 
is linear stenosis in the descending colon. 

Histology.—The dilated areas show a _ relatively 
qiescent disease with evidence of mucosal regeneration. 
There is widespread damage to the muscle wall, with 
patchy fibrous replacement (Fig. 239). 


FiG. 239.—Case 6. Histology from thinned transverse 
colon showing atrophic mucosa and irregular fibrous repair in 
damaged muscle layer. Azan stain. (-.§5.) 


Case 7 (§3/2211).—W. H., male, aged 43 years at 
onset, under the care of Mr. K. L. James, complained at 
admission on Dec. 11, 1953, of diarrhea with blood and 
mucus of one month’s duration. There was some 
abdominal tenderness, and sigmoidoscopy with biopsy 
showed typical acute ulcerative colitis. During his stay 
in hospital his condition deteriorated and his abdomen 
became distended owing to dilatation of the colon. 
Hemoglobin was 16-0 g. per cent and leucocyte count 
16,000 c.mm. He responded well to medical treatment 
and was discharged two months later. He has remained 
well, but a barium enema radiograph performed on 
Sept. 8, 1954, still shows considerable dilatation of the 
large bowel (Fig. 240). 


DISCUSSION 


The pathological features of this series may be 
summarized as follows :— 

Two cases showed a total colitis (Cases 3 and 4), 
whilst five had no involvement of cecum and 
ascending colon (Cases 1, 2, §, 6, and 7). None of 
the cases had disease in the terminal ileum. 

The general appearance of five of the colons 
removed at operation was of extensive thinning of 
the bowel in the dilated area, with marked vascular 
congestion producing a weeping hemorrhagic mucosa 
‘Fig. 228). Im the one chronic case, although the 
bowel wall was thin, the specimen was pale and the 
mucosa was smooth and glistening (Fig. 238). All 
the ‘pecimens examined showed evidence of acute 
perfi. ration at the time of operation (Cases 2, 3, and 
4) © of chronic adhesions between the colon and 
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the anterior abdominal wall suggesting that perfora- 
tion had taken place at some earlier date (Cases 1, 
5, and 6). Dilatation was maximal in the transverse 
colon on each occasion, but in Case 2 there was 
generalized widening of the colon, whereas in the 
other examples the lesion was localized. 

In Case 1 strictures were noted in the descending 
and sigmoid colon, but they were not directly related 
to the areas of dilatation (Figs. 222,223). In view of 


the fact that strictures have not been seen in any of 


Fic. 240.—Case 7. Radiograph showing grossly dilated and 
gas-filled transverse colon. 


the other cases studied, it is felt that obstruction plays 
no part in causing distension of the bowel wall. 
The histological changes showed various degrees 
of damage and repair. In all cases mucosal destruc- 
tion was extreme, and only in Case 6 was there any 
marked evidence of epithelial regeneration, where 
flattened debased cells formed the mucosal covering 
(Fig. 239). Capillary dilatation with hemorrhage 
was a feature of Cases 2 and 4 (Fig. 230). Muscle 
damage varied in degree. In Cases 4 and 5 there was 
incomplete destruction of acute type with necrosis 
of muscle-fibres and no evidence of fibrous replace- 
ment (Fig. 236). It is of some interest to note that in 
Case 4 (Fig. 236) it is the outer longitudinal muscle 
coat which has been damaged principally. In Case 2 
muscle destruction was more extreme and showed 
no evidence of repair (Fig. 230). In Cases 1 and 3 
muscle damage was considerable but early fibrous 
repair could be noted (Fig. 226), whilst in Case 6 
the process appeared to be quiescent and considerable 
quantities of collagen had been laid down (Fig. 239). 
Warren and Sommers (1949, 1954) found that 10 per 
cent of their cases of non-specific ulcerative colitis 
were clinically more severe and more frequently lethal 
than the remainder. Histologically they showed 
inflammatory necrosis of blood-vessel walls leading 
to vascular occlusions, with infarction of a part or all 
of the adjacent colon. The blood-vessel lesions, 
they stated, resembled those in periarteritis nodosa, 
and they introduced the term ‘ vasculitis colitis’. In 
view of the fact that in the cases recorded here there 
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was extreme clinical severity, with rapidly advancing 
ulceration and vascular dilatation, a careful search 
was made for similar changes in the vessel walls. 
None could be found, and although occasional 
examples of thickening of the walls of small vessels 
in the submucosa could be demonstrated, it is felt that 
these represent a secondary irritative phenomenon 
and cannot be regarded as a primary causative lesion. 

Relating these pathological changes to the clinical 
picture, it is seen that in all the cases the presentation 
of this phase of the disease process was of a fulminat- 
ing type. Pain and tenderness with distension of 
the abdomen was characteristic and the necrotizing 
process with perforations and peritonitis was mani- 
fested by fever and polymorphonuclear leucocytosis. 
The leucocytosis in these 7 cases appears to be sig- 
nificant since it has not been found in this series 
except in cases of perforation or abscess formation. 
As has already been stated, it is interesting to note 
that this acute phase of the disease does not necess- 
arily occur at an early stage. For instance in Case 5, 
sixteen years elapsed between the onset of symptoms 
and the dilatation. It would seem possible that the 
explanation for this is the recent acute involvement of 
anew and unaffected segment of the colon in a case 
which has been previously chronic and localized 
(Cases 1, 5, and 6). In these three cases there were 
either strictures, as in Case 1 (Fig. 223), or diffuse 
areas of fibrosis and stenosis in the sigmoid colon, 
as in Cases § and 6 (Fig. 238), suggesting that a long- 
standing chronic process had been present in this 
area before the proximal colon became involved. 
Diagnosis of this condition does not present a very 
great problem once the possibility of its occurrence 
is recognized. Ulcerative colitis affects the distal 
colon so frequently that sigmoidoscopy with or 
without biopsy should be sufficient to establish 
the underlying cause of the process. The most 
important differential problem is the exclusion of an 
obstructive cause for the dilatation, and it must be 
borne in mind that carcinoma, a common cause of 
obstruction, may complicate ulcerative colitis. The 
ease of passage of barium in radiographs and the 
absence of any filling defect should serve to rule out 
this possibility. Megacolon may be considered in 
differential diagnosis, but the absence of typical 
history and again the demonstration of the presence 
of ulcerative colitis by radiographs and sigmoidoscopy 
serves to exclude it. 

The recognition of dilatation of the colon as a 
complication of ulcerative colitis has been reported 
only rarely ; Sloan, Bargen, and Baggenstoss (1950) in 
review of local complications in 2000 cases from the 
Mayo Clinic make no mention of it. In this series 
4 per cent of cases are said to have shown perforation, 
and in those where the bowel was examined it is 
stated that the transverse and descending colon were 
most commonly affected. Brooke (1954) states that 
perforation may be associated with colonic dilatation, 
but does not discuss the point further and quotes 
no examples. Madison and Bargen (1951) record 
a single case where dilatation of the transverse colon 
occurred eleven years after the onset of ulcerative 
colitis. It was associated with severe illness, abdo- 
minal distension and tenderness, together with 
pyrexia and leucocytosis. They excluded malignant 
obstruction and megacolon as the cause of the 
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dilatation in their case and suggest that after medigy 
treatment the distended colon returned to a norm 



















































diameter. The radiograph reproduced in the; s 
communication is not convincing on this point, hoy. 
ever, for although it shows narrowing as compare 
with the appearance during the acute phase yet it stij 
appears to be wider than normal. Ripstein (195, 
records an incidence of perforation in 8-4 per cent oj SpONT: 
cases of ulcerative colitis coming to operation, an; nized ¢ 
mentions that the bowel is dilated in some cases, by litis, 01 
neither he nor Madison and Bargen comment on thy becaus 
pathogenesis of the condition. Brown, Kasich, anj occur 
Weingarten (1951) reviewed 147 cases of ulceratiy Only 4 
colitis and report an incidence of perforation Hahn 
15°6 per cent. They make no mention of colonic weins 
dilatation. 
It seems important, therefore, to draw attentign 
to this condition as a violent and dangerous complic:- A 
tion of ulcerative colitis liable to occur at any stag: J pospit: 
of the disease, but most commonly, it would appear, §& abdor 
associated with involvement of the transverse colon, & recent 
The relative absence of reference to this condition  forci 
in the literature and the fact that only 7 cases out of 
a total of 320 have been seen in the Westminster “<" 
Hospital Group suggests at first sight that it is aff ¥¢ ch 
rare complication. It should be made clear there- & poner: 
fore that all 7 cases recorded here have been seen & maxin 
during the past twelve months. The reason for this & were | 
is probably twofold: First, that now the condition J satior 
is recognized it is more readily diagnosed; and A 
secondly, that an increasing number of cases with § © P¢ 
acute exacerbations are now seen in the hospital. ah 
SUMMARY re 
.t 
1. Attention is drawn to colonic dilatation as J gene 
an infrequently recorded complication of ulcerative & antin 
colitis. whic’ 
2. Seven cases of this condition are described. perfc 
3. The pathology of the process related to the a 
clinical picture is discussed. a “ 
4. The relationship of the condition to perforation im 
and its attendant dangers is stressed. dive: 
Our thanks are due to Mr. A. Lawrence Abel, = 
Mr. S. O. Aylett, Dr. E. R. Cullinan, Mr. K. L. & colo 
James, and Mr. Michael Smyth for making available § was 
the case histories of the patients under their care; & foss: 
to Dr. Peter Hansell, of the Department of Medical § pelv 
Photography of Westminster Hospital, for the : 
macroscopic photographs and the reproductions of whi 
radiographs; and to Mr. E. V. Willmott, of the — “" 
Imperial Cancer Research Fund Laboratories, for § ,,j, 
the photomicrographs. 
tior 
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SPONTANEOUS PERFORATION OF THE NORMAL PELVIC COLON 


By J. W. EADIE 


SAINT MARY’S HOSPITAL, PORTSMOUTH 


SPONTANEOUS perforation of the colon is well recog- 
nized and is commonly due to ulceration, diverticu- 
litis, or new growth. The following case is reported 
because it appears that spontaneous perforation 
occurred in a macroscopically normal pelvic colon. 
Only 4 similar cases have been found in the literature 
(Hahn, 1931; Brown, 1944; Lataix, 1949; and 


Weinstein and Roberts, 19§2). 


CASE REPORT 


A married woman, aged 57 years, was admitted to 
hospital six hours after she had collapsed with severe 
abdominal pain while straining at stool. She said that 
recently she had been constipated and was straining 
forcibly when the pain occurred. She had vomited 
twice before admission. Her previous health had been 
ood. 
. On EXAMINATION.—She was a thin woman in a state 
of shock. T. 97° F., P. 110, B.P. 72/55. There was 
generalized rigidity and tenderness of the abdomen, 
maximal in the left upper quadrant. No bowel sounds 
were heard and there was no tenderness on rectal exami- 
nation. 

A provisional diagnosis of generalized peritonitis due 
to perforation of a viscus was made, and after suitable 
preparation operation was carried out. A right para- 
median incision was used and on opening the peritoneum 
purulent, blood-stained, feculent fluid containing flakes 
of solid faces was immediately found. There was 
generalized congestion of the entire intestine. On the 
antimesenteric border of the apex of the pelvic colon, 
which was loaded with hard feces, a I-in. (2°54-cm.) 
perforation in the longitudinal axis of the bowel was 
found. The edge of the perforation was clean-cut and 
healthy, with normal mucosa pouting through it, and the 
actual hole was plugged by hard feces. There was no 
surrounding induration and no sign of ulceration, 
diverticulitis, or new growth of the bowel at the site of 
perforation or elsewhere in the pelvic colon. No other 
abnormality was found in the abdomen. As the lower 
colon was so packed with hard feces, the affected bowel 
was exteriorized as a loop colostomy in the left iliac 
pes The abdomen was closed with drainage of the 
pelvis. 

Post-operatively, the patient had ileus and peritonitis, 
which was treated by gastric suction, fluid and electrolyte 
control, and penicillin with streptomycin. 

Six weeks later she was fit enough for the left iliac 
colostomy to be closed. 

_ The perforation was examined 48 hours after opera- 
ton, but no abnormality of the bowel wall or mucosa 
was detected. A barium-enema examination has been 
carried out after closure of the colostomy and shows a 
normal large bowel. Four years later the patient is 


known to be in good health and she passes regular normal 
motions. 


REVIEW OF PREVIOUSLY REPORTED 
CASES 


The 4 cases previously published are briefly 
repor'ed here :— 


Cuse 1 (Hahn, 1931).—A 37-year-old man with bi- 
laters inguinal hernia was straining at stool when he was 
sudd: nly seized by severe abdominal pain. At operation, 
four hours later, a perforation 2 cm. long on the 


antimesenteric border of the midpelvic colon was found. 
The mucosa and adjacent bowel wall were macroscopically 
normal. The perforation was exteriorized and the 
patient recovered. 

Case 2 (Brown, 1944).—A man, aged 30, collapsed 
with severe lower abdominal pain shortly after getting 
out of bed. Operation was carried out eight hours later 
when a 1-cm. longitudinal tear on the anterior aspect of 
the pelvic colon close to the pelvirectal junction was 
found. The mucosa and the bowel wall were macro- 
scopically normal and no abnormality such as diverticula 
was noted. Simple suture of the perforation was per- 
formed with recovery. 


Case 3 (Lataix, 1949).—A 43-year-old woman devel- 
oped severe lower abdominal pain which eased off but 
later increased in severity and required her admission to 
hospital twenty hours later. She also had a large inci- 
sional hernia following a gynzcological operation some 
time previously. At operation a small perforation the 
size of a millet seed, and sealed off by loops of intestine, 
was found on the anterior aspect of the pelvirectal junc- 
tion. The bowel wall and the perforation appeared 
macroscopically normal. Suture of the perforation and 
a left iliac colostomy was performed with recovery. 

Case 4 (Weinstein and Roberts, 1952).—A 63-year-old 
man had sudden sharp pain in the abdomen while straining 
at stool. Operation was carried out two hours later when 
a perforation 1 in. (2-54 cm.) in diameter was found on 
the antimesenteric border of the pelvic colon. The 
mucosa was soft and pouting and the bowel wall 
was apparently normal on inspection. The colon was 
distended and packed with hard faces and suture of 
the perforation and czxcostomy were performed. The 
patient survived. 


DISCUSSION 


In all 5 cases under review the perforation of 
macroscopically normal colon is described. In 1944 
Roux and Lenoel reviewed 90 cases of perforation of 
the sigmoid colon all of which were due to local or 
associated ulcerative, inflammatory, or neoplastic 
disease. Woodruff (1952) reviewed 136 cases of 
large-bowel perforation and found only 1 perforation 
of macroscopically normal colon (Brown, 1944). 

It is difficult to explain the cause of this unusual 
type of perforation. Two theories have been used 
to explain intra-abdominal rupture of the intestine in 
the absence of trauma. Bunge (1905) first pointed 
out the relationship of hernia to intestinal rupture. 
He showed that the increased intraperitoneal pressure 
produced by contraction of the abdominal muscles 
and diaphragm was transmitted equally to all parts 
of the bowel wall. He postulated that if an area 
of bowel was not exposed to increased intraperitoneal 
pressure, as at the neck of a hernial sac, then, and 
only then, the bowel wall could rupture at this un- 
protected site. The second theory is that of 
Haim (1910), who considers the bowel wall and the 
abdominal wall as two layers around the cavity of 
the intestinal lumen. A defect in the outer wall (e.g., 
a hernia) allows a rupture of the inner wall (i.e., gut) 
on a rise of intraluminal pressure following contrac- 
tion of the abdominal wall. According to Burt 
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(1931) a force of about § lb. per sq. in. is required to 
burst the wall of freshly excised sigmoid colon. 

In support of these theories, Wilenski and 
Kaufman (1937) reviewed 43 cases where rupture 
of normal intestine had occurred in patients with 
hernia during abdominal strain. In 33 cases a 
hernia was definitely present, but there were 2 cases 
without hernia. All these cases occurred in the 
small intestine except that reviewed here as Case I, 
which was in the pelvic colon (Hahn, 1931). The 
theories of Bunge and Haim can be used to explain 
most of the 43 cases discussed by Wilenski and 
Kaufman, but the 2 cases without hernia cannot be 
satisfactorily explained. 

In the 5 cases under discussion in this paper the 
perforation occurred during straining at stool in 
3 of them, and only 1 of them had a hernia while the 
other 2 had habitual constipation. The fourth case 
had a hernia, but perforation occurred independently 
of any known strain, and the fifth case, that of Brown 
(1944), had no hernia, known strain, or constipation. 
Barron (1928) thinks that constipation is not an 
important factor in causing these perforations of 
the colon. 

The criticism might be made that these spon- 
taneous perforations of normal pelvic colon are really 
due to a simple solitary ulcer. This is very unlikely 
because Barron (1928), who collected 53 of these 
cases due to ulcers, 11 of which were in the sigmoid 
colon, found that in all of them the perforation 
resembled a perforated peptic ulcer with indurated 
or necrotic edges and complete absence of normal 
mucosa. In several cases multiple ulcers were 
present. Roux and Lenoel (1944) report similar 
findings of acute necrotic ulceration in their cases. 

Harold Edwards (1939) has shown that the 
thickness of the muscle coats of the colon varies 
considerably in the early stages of diverticulosis, 
even when the bowel appears normal externally. 
The longitudinal muscle coat between the tenia is 
normally very thin or may be absent. The circular 
muscle coat can also be very thin and sometimes 
even absent where areas of areolar tissue occur. 
At these places herniation of mucous membrane 
is only prevented by a thin layer, one fibre thick, of 
longitudinal muscle, and this may predispose to 
spontaneous rupture under a stress which would not 
affect a normal bowel wall. It is, however, rare for 
colon with obvious diverticula to perforate unless 
there is inflammation present. This may be because 
multiple diverticula all distend with a sudden rise 
of intraluminal pressure and so distribute the rise 
in pressure over a wider area. 

It seems probable that some abnormal chance 
arrangement of the gut (e.g., kinking) prevents the 
equalization of pressures inside and outside the 
bowel wall. A wave of peristalsis or a segmental 
contraction initiated by straining may raise the 
pressure inside the gut locally where by chance there 
is both a weakness of the wall and a bubble of gas, 
and this may result in rupture of the wall. 

There is, however, no generally accepted explana- 
tion of these spontaneous perforations in macro- 
scopically normal colon. 

Treatment.—The clinical picture is one of 
generalized peritonitis in which laparotomy is 
indicated. Brown (1944) alone used simple suture 
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of the perforation. The other 4 cases were treate 
either by exteriorization or suture of the perioratio, 
and a protective colostomy. An interesting featur 
of all the cases was that gross fecal soiling of the 
peritoneum was slight, either because of a solij 
fecal plug in the perforation or because the perfor. 
tion was too small to allow the escape of soli 
material. 

Prognosis.—Perforation of the colon has alway; 
been considered to have a high mortality-rate, 
Table I shows. 


Table I.—MORTALITY IN CASES OF PERFORATION 
OF COLON 

LO A 

DEATHS 


AUTHOR NUMBER OF CASES 








Koucky and Beck 6 





Roux and Lenoel go 





Woodruff 14 














In contrast to these figures all § cases discussed 
here survived, probably because of modern chemo- 
therapy and antibiotics, and also because there was 
no other pathological condition of the colon. 

Post-operative Follow-up.—To show that these 
perforations occurred in normal gut subsequent 
barium enema investigations or sigmoidoscopy were 
done and no abnormality was discovered in any of 
the 5 cases. The need for this careful follow-up 
examination is stressed by Woodruff, who had 3 
case with perforation of an apparently normal pelvi- 
rectal junction in which a carcinoma was found two 
months later. 


CONCLUSIONS 


A case of spontaneous perforation of the macro- 
scopically normal pelvic colon is reported which 
occurred in the absence of any demonstrable patho- 
logy or trauma. Four similar cases, found in the 
literature, are discussed. 

The aetiology remains obscure. Abdominal 
straining is not always a factor and a hernial defect is 
not always present. It is suggested that the changes 
occurring in the early stages of diverticulosis s0 
weaken the colon wall that perforation may occur 
when there is some chance abnormal arrangement 
of bowel together with a sudden local rise of intra- 
luminal pressure from a wave of peristalsis. 

All § cases survived. 


I wish to thank Mr. S. E. Duff for permission to 
publish this case, and also Mr. W. W. Wiggins-Davies 
and Mr. J. D. Younghusband for their help and 
advice in the preparation of this paper. 
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EXPERIENCE IN THE MEASUREMENT OF BLOOD- AND 
FLUID-LOSS AT OPERATION 


By ANTHONY J. H. RAINS 


UNIVERSITY OF BIRMINGHAM 


Ir is an unwelcome truth that war compels close 
attention to problems which might otherwise remain 
unsolved ; indeed, through the centuries the practice 
of surgery has progressed partly in this way, the 
change in the treatment of wounds and the use of 
the ligature by Ambrose Paré in the Franco-Spanish 
battles of the sixteenth century being early examples. 
The problem of blood- and fluid-loss as a result of 
trauma was not fully explored until the Second 
World War; early beginnings in France and 
Cyrenaica led to a surge of interest in Italy and 
Normandy, followed later by the report of Grant 
and Reeve (1951). More information on the 
amounts of blood and fluid lost by those who are 
burnt or injured is still required to-day. 

The casualty surgeon, military or civil, who 
attempts the solution of the problem is troubled 
by the fact that he does not know the blood- and 
fluid-volumes of the patient before trauma. In war 
this pre-traumatic state is one which may be grossly 
abnormal as a result of exposure or starvation. 

Thoughts such as these were to a great extent 
responsible for the experience about to be related. 
It seemed that there was a contribution to be made 
concerning the measurement and the applications 
of blood- and fluid-loss resulting from everyday 
operative trauma, which might assist in the solution 
of the whole problem, for the blood- and fluid-volume 
could be measured before as well as after trauma 
under near constant conditions in the operating 
theatre. 

The task would concern, firstly, the methods of 
measuring blood- and fluid-loss and their comparative 
accuracy ; secondly, the revelation of typical losses 
of blood and fluid incurred by different operations ; 
and thirdly, perhaps, supplying the answer to ques- 
tions of over- or under-transfusion of blood for 
particular operations. 


METHOD 


The methods used were: (1) Swab weighing ; 
(2) Swab washing; (3) Weighing the patient ; 
(4) Blood-volume estimation (Evans’ blue). 

1. Swab Weighing.—By this is meant the 
Weighing of swabs and towels (the average weight 

fore use being known) as soon as they are well 
blooc -stained. The increase in weight should give 
the imount of blood lost. This weight might 
inclu le some body fluid besides blood—e.g., peri- 
tone | fluid, but of course, both blood and fluid 
rem: ved by suction forms part of the loss. The 


method requires the use of dry swabs, which some 
surgeons do not like to use as a routine. The swabs 
should be weighed without delay, otherwise evapora- 
tion and drying will lead to error. More swabs 
than necessary are apt to be used if the usual tech- 
nique is one of rinsing and re-use. Of course, not 
every spot of blood can be soaked up on a swab 
and weighed, so that the method underestimates 
the amount lost. At the beginning of this study, 
the bias was so strong against this method that it 
was not used, but to see the simple and easy way 
in which the theatre sister of the Thoracic Surgery 
Hospital, Bromsgrove, carried it out while taking 
the cases, was to realize that the method should at 
least be tested against others. 

2. Swab Washing.—Dry swabs and towels 
used during the operation are washed in water after- 
wards and thoroughly wrung out, and the volume 
of the bloody fluid is measured. A sample of 
definite volume is then either (a) compared with a 
standard of known hemoglobin and dilution, or 
(6) converted to and estimated as iron—so that the 
blood-loss can be arrived at. Providing that the 
patient’s hemoglobin in grammes per cent is known 
pre-operatively, and that the swab and towels can 
be thoroughly cleaned and wrung out, all the loss 
can be estimated. A practical disadvantage is that 
some technical knowledge or assistance is necessary 
for the estimation of blood-loss. The amount of 
blood lost in organs that are removed is difficult to 
estimate by these methods—though it is possible 
to squeeze blood out of a stomach, lung, or spleen. 

3. Weighing the Patient.—The development 
of this particular means of estimating total blood- 
and fluid-loss has been described in detail elsewhere 
(Rains, 1953). 

At the cost of a few shillings and using two 
hospital chair weigining machines it was possible to 
estimate the total loss of body-weight of the anzs- 
thetized patient in the operating theatre under stable 
conditions. Corrections were made for the fluid 
aspirated or given, tissues removed, dressings and 
ligatures added, and water absorbed in the re- 
breather. The normal weight-loss through the skin 
was found to be comparable with 30 c.c. per hour, 
and through the lungs 20 c.c. per hour—but as the 
error in weighing is I 0z., or about 30 g., this is only 
approximation. 

The loss of weight found by this means repre- 
sents the blood and fluid lost from the operation 
site and the insensible loss through the skin, with 
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the exception of the amount of blood lost but left 
behind when the wound is closed, and that trapped 
in the removed tissue. 

4. Change in Blood-volume.—The estima- 
tion of blood-volume by means of a dye T1824 
(Evans’ blue), is one which sounds simple when 
stated in its principle that the dilution by the blood 
of a known amount of injected dye gives the plasma- 
volume from which the blood-volume can be worked 
out using the hematocrit reading. The difficulties 
in practice are well known. When it works it gives 
a reasonable answer, but when some factor of error 
has appeared the answer is obviously wrong. 
A lipemic plasma and any degree of hemolysis in 
the samples of blood taken are amongst the chief 
causes of upset on the one hand, whilst variations 
and instability in the venous hematocrit and diffi- 
culties in the preparation of the dye standards are 
on the other. The use of radio-active phosphorus 
or chromium for labelling the red cells in order to 
measure change in circulating erythrocytes instead 
of plasma-volume may prove to be a great help. 

The usual difficulties met with in determination 
of blood-volume by the blue dye were doubled in 
this particular study since two estimations had to be 
made within the space of minutes or a few hours, 
depending on the length of operation. At first, 


when trying out the method, an ultra-violet spectro- 
photometer was borrowed and employed for match- 
ing dye standards and plasma with and without dye, 
but subsequently results obtained by the Hilger 
absorptiometer tallied so closely that it was decided 
to use the absorptiometer, as this is the apparatus 
constantly available in the surgical laboratory. 


EXPRESSION CF RESULTS 
(Figs. 241-245) 

Blood transfusion bottles were chosen to be the 
symbol in the accompanying table of results because 
it was felt that they are useful for visual volume 
comparison. (The amount of blood in cubic centi- 
metres is entered beneath each bottle and an overall 
approximation in ounces is written at the side.) 
When reading the results two points must be borne 
in mind :— 

1. The volumes in the bottles under the headings 
“swab weighing’ and ‘swab washing’ are, in the 
main, volumes of blood-loss, for reasons previously 
stated; the volumes under ‘ weighing patient’ 
include blood, fluid, and sweat lost to the exterior, 
as well as that in excised tissues (the volume under 
* blood volume ’ should include this). 

2. The volumes indicated in the blood bottles 
do not necessarily imply that these are the amounts 
of whole blood required to make up the deficit. 
The amount of blood necessary for replacement is 
discussed with the results. Empty bottles indicate 
that a particular method was either not used or was 
abandoned. All results by Evans’ blue blood- 
volume estimations were entered whether obviously 
wrong or not. 


EXPERIENCE WITH METHODS AND 
DISCUSSION OF RESULTS 


1. Experience with Swab Washing and Swab 
Weighing.—As expected, washing swabs was tedious 
and a difficult business. The swabs were washed 
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and wrung out in two buckets. If too much wat, 
was used the sample taken for iron estimation wa 
too dilute for accuracy and any error is multiplig 
when the amount of iron is converted into the toy) 
quantity in the whole of the fluid. It was foun; 
difficult to wring out every spot of blood from th 
swabs, and neither a washing machine nor a wring: 
was to hand. 

The difficulties of swab washing and conversig, 
of the sample into iron, precipitated the chang. 
over to the simpler method of estimation of hemp. 
globin by colour comparison, and the commenc. 
ment of the estimation of blood-loss by swab weigh. 
ing. As it turned out, swab weighing was a ven 
simple method to carry out and to get used to, anj 
it gave a result which was available in the theatr 
whenever it was wanted, during or at the end of th 
operation. The values given for blood-loss wer 
on the whole always higher than those given by 
swab washing. When blood was sucked out of th 
operation area, it was measured and added to th 
values given by each method. 

2. Experience with ‘ Weighing the Patient’ — 
The paraphernalia of the whole weighing apparatus 
as used prohibits its employment as such in routine 
work, yet the value of the method was established 
as part of the research into the whole subject of 
blood- and fluid-loss ; there was nothing to warrant 
the immediate construction and enormous cost of 
an operating table with a built-in weighing machine. 
Such a machine can be included in a trolley or 
constructed to weigh a bed. The trolley, from the 
point of view of the unconscious patient involves 
an extra amount of manhandling. The practice 
in this hospital is ‘table to bed’. Thus in ou 
procedure there is no additional burden placed upon 
the patient since he is not touched at all. 

The error of +30 g. (about 1 oz.) in weighing 
the patient was not to be surprised at, considering 
that two ordinary hospital chair machines were being 
used. Three weighings before and after operation 
were often carried out and the average weight was 
recorded. The conversion factor (1 oz.—28 g. 
was used. On the ground of inaccuracy one might 
hesitate to put down any digit after the place of ten 
in any of these values, but it was decided to leave 
the figures just as they came. 

The weighing of tissues removed and materials 
added cannot be carried out by the sister taking the 
case so easily as with swab weighing. Using a small 
weighing machine it is necessary to weigh duplicates 
of whatever is put in or onto the patient. 

The change in weight is arrived at after’ the 
adjustments concerning tissues removed, materials 
added, or fluids infused have been made. If a large 
amount of blood is entrapped in the viscus removed, 
then the estimated total amount of blood and fluid 
lost will be on the low side. Efforts were made to 
squeeze out of the different excised viscera as much 
blood as possible so that corrections (though inade- 
quate) could be made. 

For example :— 


At the splenectomy operation the spleen weighed 
553 g. and the blood expressed measured 40 c.c. ; 

The right lung removed by the _intrapericardial 
method for a large cancer weighed 670 g. and the blood 
measured 80 c.c. 
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BLOOD- 


The lung from the left pneumonectomy—cancer— 
weighed 420 g. and the blood measured 100 c.c. 

The breast from the radical mastectomy weighed 
669 g. and 20 c.c. of blood was expressed. 


(It is interesting to note the weight of the lungs, 
especially when invaded by cancer. One would 
have expected more blood to be entrapped in them : 
it is less than expected, probably because the pul- 
monary artery is tied a while before both of the 
yeins, so that a certain amount of blood enters the 
circulation as a result of the manipulations of the 
operation.) In the left lobectomy and lingulectomy 
for bronchiectasis the lung tissue only weighed 
100 g. and only 20 c.c. of blood were expressed. 

3. Experience with Estimation of Changes 
in Blood-volume.—In this series there were 
46 blood-volume estimations (twice in each of 
23 patients). Five of these went astray. Three 
patients appeared to lose an enormous amount of 
blood and fluid, and two patients gained. In the 
hemorrhoidectomy and in the thoracotomy the error 
was caused by turbid plasma specimens. Incom- 
plete intravenous injection of the dye may have been 
responsible for the other cases of error. All the 
other values in volume seem to fit in with the general 
results, but it is quite possible that small errors are 
not shown up. This feeling of uneasiness is in- 
creased when one realizes that the change in volume 
does not necessarily mean that the whole amount is 
lost from the body: shunting into the portal system 
and pooling in the limb muscles may account for 
some of it, and as Cooperman (1936) indicated that 
blood-volume increases during sleep, anesthesia 
itself must play a part. However, the presentation 
of the face values is interesting if they are compared 
with the results of the other methods. 

4. Blood-fiuid Loss Ratio in Different Types 
of Operation.—As the methods of swab weighing, 
swab washing, and weighing the patient do not 
measure the volume of blood and fluid left behind 
in the site of operation, the values given err on the 
low side. The values given by swab weighing and 
washing err further on the low side as not all the 
blood lost can be soaked up by the swabs. 

While these two methods only measure blood- 
loss, the method of weighing the patient represents 
blood-loss plus the insensible loss from the skin and 
operation site (not the loss through the breath). 
Subtraction of the swab washing or weighing value 
from this bigger figure gives the approximate value 
of fluid loss. 

For example :— 


Partial Gastrectomy.— 
Blood loss (swab washing) 210 c.c. 
Blood and fluid loss (weighing the patient) §13 c.c. 
Fluid loss (skin and wound) §13—210 = 303 C.c. 


_It is possible to go further with this. The values 
given for fluid loss (303 c.c.) can be split up roughly 
into that lost by the skin (if the patient has not sweated), 
and that lost through the exposed wound and through 
the ceelomic cavity if it is opened. Fluid lost by the skin 
was found to average 30 c.c./hour (control case—not 
Sweating). (This loss added to that of 20 c.c./hour 
throug': the breath, as measured in a rebreathing appara- 
lus, agrees with the accepted figure of 1000 c.c./diem 
insensi »le loss.) 

Th» time between weighings was noted. Thus the 
wo-hc ir period for partial gastrectomy means that 
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approximately 60 c.c. were lost through the skin. There- 
fore the loss of fluid from the wound and ceelomic cavity 
would be 303—60 = 243 C.c. 

Here are some examples of the kind of informa- 
tion that can be obtained in this way :— 


Insensible loss 
through Skin 


60 c.c. 
2 oz. 
7§ c.c. 
3 oz. 
60 c.Cc. 
2 oz. 


Loss o 
Loss of Blood Wound Fluid 


Partial Gastrectomy 210 c.c. 243 C.c. 
7 oz. 8 oz. 
350 C.c. 305 c.c. 
12 oz. IO oz. 
255 c.c. 190 C.c. 
9 oz. 6 oz. 


Hemicolectomy 
Lt. pneumonectomy 


Csophagectomy 
(thoraco-abdominal 
incision) 

Radical mastectomy 


647 c.c. 
22 oz. 
162 c.c. 

§ oz. 
120 C.c. 


120 c.c. 
4 OZ. 
40 c.c. 
1} oz. 
30 c.c. 
I oz. 
30 c.c. 
I oz. 


§$3 c.c. 
20 oz. 

392 c.c. 
14 Oz. 

987 <¢.c. 
II oz. 4 OZ. 

1$7 c.c. 6 c.c. 
§ oz. ° 


Thoracoplasty 
(First stage) 

Subtotal thyroidec- 
tomy 


With lower figures one is very much affected by 
the errors in the methods. It is emphasized again 
that these figures are only useful approximates. If 
the ounces are added together they do not correspond 
to the figures given in the results, as these are 
averages which take into account the loss given by 
the change in blood-volume. 

What does arise out of such a manipulation of 
figures is that when a ceelomic cavity is opened and 
serous membranes are exposed there is a consider- 
able insensible loss of fluid. This loss has also to 
be reckoned with when there is a large flesh wound 
such as in radical mastectomy and thoracoplasty, 
but is insignificant in a wound of small exposure. 

5. Relationship of the Result from Swab 
Weighing or Washing to the Total Blood-fluid 
Loss.—Examination of the illustrated results or the 
examples shown in the preceding paragraph indicates 
a relationship which may be expressed thus: For 
operations involving the opening of and manipula- 
tion inside coelomic cavities, the multiplication of the 
blood-loss given by swab weighing or washing by 2 
gives the total blood and fluid loss ; for operations 
involving large flesh wounds multiply by 1} to 14; 
for small operations multiply by 1 to r}. 

6. Blood and Fluid Replacement.—The above 
manipulations are of value when one is considering 
the type of fluid for replacement. Replacement by 
blood transfusion may not be necessary at all— 
where the blood-loss is below 10-12 oz. and the 
patient’s blood state is good. In the paragraph on 
expression of results it was stated that the use of 
blood bottles did not imply that blood must be 
replaced to the value of the larger figures indicated 
by weighing the patient and blood-volume estima- 
tions. One well-known point must be re-stated : 
this is that blood given to a patient from a blood 
transfusion bottle only contains 360 c.c., or about 
13 oz. of blood, for the rest of the §40 c.c., Le., 
180 c.c., is citrate solution. As some of this blood 
and citrate mixture is lost in the tube and some 
usually remains in the bottle when it is finished, 
one finds that just over half a pint of blood is given 
when one thinks one has given a patient a pint of 
blood. 

Future Study.—This kind of study stimulates 
one to begin to compare the effects of a standard 
operation performed on varying types of patient (fat 
and thin), by varying types of surgeon with similar 
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rn 7 ILLUSTRATIONS OF RESULTS OF MEASURING BLOoop 
PATIENT vou t/e AND FLuip Loss 





The shape of blood transfusion bottles is used. 
and the amount of blood and fluid lost is filled in q 
black with the number of cubic centimetres writtey 
below. An empty bottle means that the method 
was not used or was abandoned. 








__ I, Partial gastrectomy for duodenal ulcer. The first opera- 
tion at which weighing the patient was carried out. 


2, Partial gastrectomy for gastric ulcer. Weighing the 
patient gives a similar result to the first case. Swab washing 
indicates less than half of the blood and fluid lost. Estimation 
of change in blood-volume indicates a greater loss. 


446 
S13 





—_ 

3, Hemorrhoidectomy. The result suggests that the rela- 
tionship of the results from swab washing and weighing the 
patient persists. Very turbid plasma was responsible for the 
great error in estimating change in blood-volume. 


4, Right inguinal hernia. Swab washing was abandoned 
owing to contamination of the fluid with flavine. (Bias 


\ 
\ 
in 
55 
| towards surgeon shown as loss of 1-2 0z.) 
5, Bilateral varicose vein ligations were performed in the 
20 





groin, thigh, and below the knee where many big tortuous 
veins were encountered. 


6, Right hemicolectomy for an extensive carcinoma of the 
cecum which was adherent to the abdominal wall. The 
relationship between the results persists. This patient was 
finally transfused with two bottles of blood (1} at operation. 


























FIG. 241. 
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Boop 7, Gastrocolic oe - Guo operation mavens inocing 
of affected viscera, closure of the openings, an rt 
rectomy. ‘Transfused with one and a half bottles of blood OPERATION eel baal ys stg ° woe? 
at operation. Swab washing vitiated by flavine. 





used, 8, Pyloric stenosis (duodenal ulcer treated by partial 
d in as gastrectomy). Two bottles normal saline transfused. Rela- wy Lowen 
Written tionship between results persists. LOBECTOMY 6 

LINGULEC TOMY 
method 9, Division of adhesions. Unpicking gastro-enterostomy. 
Duodenojejunostomy performed. Case of chronic duodenal 
ileus. One bottle of saline given. 


x 


10, Radical mastectomy. Halsted type of operation. 
Surgeon was meticulous. Operation lasted 90 minutes. 
Relationship between results persists, but estimation of change 
¢ the in blood-volume shows a gain of 600 c.c. (No known cause 
for this error.) One bottle of saline given. 





»/pera- 


ishing 

tation 

11, Thyroidectomy for a large non-toxic retrosternal 

goitre. The relationship between the results has altered, 

rela- the values being nearly equal. Another unknown error 

@ the occurred in estimating change in blood-volume (plus 600 c.c.). 
or the 





12, Subtotal thyroidectomy for thyrotoxicosis. B.M.R. 

, 100 per cent. Pre-operatively treated with thiouracil 

loned and iodine. Different surgeon to one performing No. 11, but 
Bias relationship between results of these two operations is the same. 
See text—Experience with methods and discussion of results, 

paragraph 5. Relationship of the result from swab weighing 


n the or washing to the total blood and fluid loss.) 
tuous 





13, Thoracotomy (inoperable carcinoma of the bronchus). 
f the Both coagulation and cutting diathermy was used in making 
The the wound. Blood-loss was minimal. Patient appeared to 
gain weight (gain is within the limits of error in the method of MITRAL 
weighing the a. Error in estimating change in blood- VALVOTOMY 
volume probably due to unexplained excessive change in the 
hematocrit (cell volume) reading, $0 to 71 per cent. 


was 
110N.) 


14, Thoracoplasty (first stage) with Semb’s apicolysis for 
ay tuberculosis. Performed under local anesthesia. 

w value for swab washing coincides with change in technique 
(from estimation of iron to comparing hemoglobin content with 
astandard). Relationship of results compares with those from 
radical mastectomy. 





Pe = BP Ee 


15, Left lower lobectomy and lingulectomy for bronchiec- 
tasis. A high value for change in blood-volume compared 
with weighing the patient. Transfused with one bottle of 
blood. 


| 
° 





























16, Left pneumonectomy for carcinoma of bronchus. The 
enormous change in blood-volume was again caused by the 
unexplained and excessive change in the hematocrit (cell 
volume) reading, 47-7 to 72°2 per cent. See No. 13. Trans- 


fused with two bottles of blood. WEIGHING 
PATIENT 








17, Right pneumonectomy (intrapericardial) for carcinoma 
of bronchus. Two bottles of bl transfused. Low value 
for swab washing is unexplained. The change in hematocrit 
here was 2p'5-49°¢ per cent, and a reasonable estimate of 
change in -volume was given (cf. No. 13 and 16). 


_ 18, Mitral valvotomy for mitral stenosis. The values 
given here correspond to two other measurements of blood-loss 
made for mitral valvotomy. No blood transfused. 





19, Excision of coarctation of aorta in a male of 1§ years. 
One bottle of blood transfused. Most blood-loss occurs during 


cmgeeech into chest through the collateral circulation in chest weLLen’s 
wall. 


20, a of patent ductus arteriosus in a male aged 23 


years. This patient was heavily built. No blood lost during 
dissection of ductus; aneurysmal changes in it prevented 
division and suture. One bottle of blood transfused. 








2!, Heller’s operation for cardiospasm. Change in blood- 
volume far higher than other methods indicate. No obvious 
errors in the technique of using Evans’ blue. Hematocrit 
change was not abnormal (cell volume 45-50 per cent). No 

given. 


2, Bsophagectomy for carcinoma of cesophagus. Thoraco- 
ninal incision. Operation lasted four hours. Swab 
ng not done. Two bottles of blood and one bottle of 
given. 





2}, Splenectomy and near total gastrectomy for portal 
tension. Thoraco-abdominal incision. Many tortuous 
enlarged collateral vessels. Three bottles of blood 
used. Relationship between the results persists. Blood 
uid loss from this operation and the previous one (also 
-0-abdominal) was much more than any of the other 
tions with the exception of that for gastrocolic fistula. 


8 S 


8 
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and different techniques; and with varying anzs- 
thetists with similar and different methods. Useful 
assistance may be afforded to those whose particular 
concern is economy with the blood available for 
transfusion, for blood is an expensive surgical com- 
modity and nowadays often hard to come by. 


SUMMARY 


The experiences are related of one who has 
studied a facet of the huge problem of blood and 
fluid loss as a result of trauma. 

The blood and fluid loss caused by everyday 
operations was measured by four methods—swab 
weighing, swab washing, weighing the patient, and 
blood-volume estimation. 

The results are illustrated. 

The practical nature of the methods and the 
value of the results given by them, simply or com- 
bined, are discussed. 

The method of swab weighing is the most suit- 
able for everyday requirements. It may under- 
estimate the blood-loss. ‘ Weighing the patient ’ is 
of use from a research aspect. 


Blood and fluid replacement is discussed wig, 
reference to the general results, and the failacy g 
calling a ‘bottle of blood’ a ‘pint of blood’ j 
recalled. 

Future study may prove of use to those tryin 
out new surgical approaches, techniques, apj 
methods of anzsthesia. 

The economy of blood for transfusion purposg 
may be aided by such a study. 


Thanks are due to Sister Mary Farr (Theatr 
Superintendent) for her willing co-operation, and » 
Professor F. A. R. Stammers and Mr. A. L. d’Abre 
for encouragement and permission to carry out th 
investigations on their patients. 
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SOLITARY LEIOMYOMA OF THE SKIN 
By T. H. CULLEN, M.B.E., K&tTTEerInG 


SOLITARY leiomyomata of the skin or subcutaneous 
tissues was the subject of a comprehensive review by 
Stout in 1937. Of at least 85 cases of solitary leio- 
myoma in his review, only 3 had been published in 
the English language. Christopherson (1950) re- 
ported 4 cutaneous and 1 subcutaneous leiomyoma, 
all of which were solitary, and reference is made to 
I case of solitary subcutaneous leiomyosarcoma 


FiG. 246.—Photograph showing the main tumour with the 
smaller nodular tumours overlying the right inguinal canal ; 
the upper one of these is partly obscured by the main mass. 


which is not described in detail in the report. Of 
13 cases of leiomyoma cutis reported by Jansen 
(1952), 7 were solitary and the remainder multiple. 


This example of solitary leiomyoma of the skin 
presents unusual features on account of its size, 
situation, and rapid growth. 


CASE REPORT 


History.—A. H. B., a man aged 66, was admitted to 
Kettering General Hospital on Nov. 19, 1951. He was 
complaining of a tumour of the lower part of the anterior 


FiG. 247.—Abdominal scar when healed. 


abdominal wall which had first appeared as a lump eight 
months earlier. The tumour had enlarged steadily, 


and some bleeding had occurred from the surface of 


the tumour at times. There had been no pain and no 
other symptoms. 

On EXAMINATION.—A large nodular tumour was 
present on the abdominal wall just above the pubes 
(Fig. 246). The base of the tumour was indurated and 
extended beneath the skin for 14-2 in. beyond the edge 
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SOLITARY LEIOMYOMA OF THE 


of the superficial part of the tumour. The main super- 
fcial tumour mass was 34 in. by 24 in., with two smaller 
nodular tumours overlying the lower part of the right 
inguinal canal and continuous with the main mass beneath 
the skin. Some fixation to the rectus sheath was present. 
There were no enlarged inguinal glands and no other 
abnormality was found. Blood-pressure, 140/80; Heart, 


Fic. 248.—Photomicrograph of a typical area showing 
interlacing strands of smooth muscle. H. and E. ( $0.) 


normal; Lungs, emphysema. A biopsy of the tumour 
ken prior to admission was reported as leiomyoma. 

At OPERATION (Nov. 21).—Under pentothal and 
cyclopropane anesthesia (Dr. P. E. Wallace), a wide 
excision of the tumour of the abdominal wall was carried 
out, including skin and subcutaneous tissues for 3 in. 
beyond the palpable edge of the tumour. Included in the 
excision were the lower part of the right rectus abdominis 
muscle and rectus sheath, which were infiltrated. The 
right spermatic cord appeared to be invaded and was 
divided at the internal inguinal ring and removed with 
the right testis. The wound was closed under consider- 
able tension. 

Wound healing was rather slow but was almost 
complete by Dec. 28, when he was discharged from 
hospital with a belt to support the lower abdominal wall 
Fig. 247). The patient was followed up as an out- 
patient. He returned to his job as a signalman and 
remained at work until July, 1953, when he died from 
coronary thrombosis. There had been no recurrence of 
the tumour. 

PATHOLOGICAL REPORT (Dr. H. J. Voss).—A segment 
of the anterior abdominal wall on which is situated a 
sessile, nodular tumour measuring 10 x 6 cm. and 
invading the underlying connective tissue to a depth of 
7cm. Two much smaller but similar tumours are situated 
nearby. On section of the large tumour it is seen to be 
neither encapsulated nor well circumscribed. Apart 
from extending deeply into the underlying connective 
ussue it can be seen to extend, like an iceberg floating in 
water, beneath the surrounding epidermis for at least 
§ cm. around the visible tumour mass. The cut surface 
of the tumour is in appearance and consistency similar 
to that of a soft fleshy uterine fibromyoma. At its peri- 
phery yellow flecks of fat can be seen interspaced between 
the muscle-fibres. Attached to the mass but not 
apparently involved in it are the right cord and testis. 

His:ological examination of the tumour shows it to 
consist of interlacing bands of smooth muscle-fibres 
intersp: ced with some fibrous tissue (Fig. 248). Scattered 
throug! its whole substance are collections of small round 
cells aid lymph follicles. The periphery of the tumour 
'$ not \ rcumscribed and appears to invade the surround- 
ing fat y connective-tissue in an irregular manner. The 
tumou appears to commence immediately beneath the 
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epidermis, which is stretched thinly over the superficial 
papilliferous part of the tumour. There is no evidence 
that it has arisen from the arectores pilorum muscles or 
from the wall of a blood-vessel. On cytological ground 
alone one would not regard this tumour as malignant, 
the muscle-fibres being of fairly uniform size and shape. 
Nevertheless the peripheral fibres appear to be invading 
the underlying connective tissue and the growth of the 
tumour is known to have been rapid. 
Leiomyoma of anterior abdominal wall. 


DISCUSSION 


Cutaneous or subcutaneous leiomyomata arise 
from the arrectores pilorum muscles, from the muscle 
of blood-vessel walls, and from the non-striated 
muscles of the deeper layers of the skin especially 
of the scrotum, labia majora, nipple and areola, and 
the face and anal regions. 

The usual features as described by Stout are that 
cutaneous and subcutaneous leiomyomata are small, 
up to 15 mm. in diameter, but the largest have been 
the size of a child’s head, mobile if not fixed to the 
skin, and though painless at first they frequently 
become painful and tender. This latter feature is 
stressed by Christopherson. More than half the 
reported cases developed on the extensor surfaces 
of the extremities and nearly one-fifth in the genital 
regions. No solitary leiomyoma has been reported 
in the skin of the abdominal wall. Stout estimated 
that less than 10 per cent of these tumours are 
malignant; of 7 malignant cases in his review, 
2 had metastasized and 3 had recurred after removal. 

There had been rapid growth over a period of 
eight months in the case reported here, and during 
that time the tumour had become unusually large. 
Pain was absent. Malignancy was suggested by the 
rapid growth, the involvement of the rectus sheath, 
and infiltration of the subcutaneous connective- 
tissue. From the histological standpoint, however, 
the muscle-fibres were of fairly uniform size and 
shape and were it not for the invasion of the under- 
lying connective-tissue by some peripheral muscle- 
fibres the tumour would not be regarded as malig- 
nant. 

Complete local excision was satisfactory in treat- 
ing this case, but follow-up was limited to eighteen 
months by the death of the patient from unrelated 
causes. There had been no evidence of local 
recurrence or distant metastases during this time. 


SUMMARY 


A case of solitary leiomyoma of the skin of the 
abdominal wall is reported. Unusual features were 
rapid growth, absence of pain, and its situation and 
large size. In spite of lack of conclusive histological 
confirmation this tumour was probably malignant. 


I am indebted to Dr. H. J. Voss for the patho- 
logical report and for the photomicrograph, and to 
Dr. J. W. Hughes for the photograph of the tumour. 
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RECURRENT AND RESIDUAL STONES IN THE COMMON BILE-DUCT 


By E. S. R. HUGHES 


SURGEON, ROYAL MELBOURNE HOSPITAL 


A SMALL number of patients who have had their 
gall-bladders removed for cholelithiasis require a 
further operation to remove stones from the common 
bile-duct. This important aspect of the so-called 
* post-cholecystectomy ”’ syndrome has, perhaps, not 
attracted the attention it has merited. Notable 
contributions on the subject have been made by 
Gray and Sharpe (1944), Adams and Stranahan 
(1947), Mirizzi (1948), Millbourn (1950), and others, 
but whilst calculi remaining in the common duct 
have been universally accepted as a cause of recurrence 
of symptoms most attention has been directed 
towards finding an explanation for the symptoms in 
those in whom no stone can be found on exploration. 

In the six-year period, 1947-52 inclusive, at the 
Royal Melbourne Hospital 55 patients were sub- 
jected to re-operation following a previous cholecyst- 
ectomy, and in 36 one or more stones were extracted 
from the common bile-duct. These latter patients 
have been analysed and form the basis for this report. 


CLINICAL FEATURES 


Age and Sex.—There were 28 females and 
8 males. Half the patients were over 60 years, and 
three-quarters were over 50 years; only § patients 
were under 40 years. 

Symptoms prior to the First Operation.— 


Six of the patients were subjected to cholecystectomy 
initially because of acute cholecystitis, and one of 
these was jaundiced on admission to hospital. 
Twenty-seven of the patients had a typical history of 
biliary colic associated with jaundice in one or more 
of the attacks, and 2 others had noticed that the 
urine was dark after the attacks but had not observed 


any jaundice. Only 1 patient denied either jaundice 
or dark urine with an attack. 

The First Operation.—In 21 the initial opera- 
tion consisted of removal of the gall-bladder and 
opening the common bile-duct; in 16 instances 
stones were found and removed from the common 
bile-duct, whilst in the remaining 5 no stones were 
detected. In 15 patients the common bile-duct was 
not explored at this operation ; 4 of these presented 
initially with acute cholecystitis and in the remainder 
the duct appeared to be normal. 

Latent Interval before Symptoms Re- 
appeared.—Symptoms reappeared immediately 
after operation in 8 cases; within six months in 
14 cases ; within twelve months of the operation in 
18 cases; and within eighteen months in 24 cases. 
All but four had recurred within three years of the 
operation : 


Case 1.—Mr. G., aged 46 years, had an attack of acute 
cholecystitis, without jaudice ; a week after the onset the 
gall-bladder was removed. It was acutely inflamed and 
was filled with numerous faceted stones. The common 
bile-duct was not explored. He remained well for the 
next eighteen years, when pain recurred under the right 
costal margin and was associated with jaundice. At 
operation the cystic duct remnant was found to be very 


large and filled with numerous tiny stones ; the commo, 
duct was distended, and from the lower end thick Sludge 
and small stones were removed. 


Case 2.—Mr. J., aged 50 years, after some years of 
biliary colic without jaundice had a cholecystectomy 
performed ; the gall-bladder was surrounded by omentum 
and was packed with numerous small stones. The 
common bile-duct looked and felt normal and was no 
explored. Six years later the pain recurred, this time 
associated with jaundice. The common bile-duct wa 
explored ; it contained clear bile but impacted in th 
lower end was a gall-stone the size and shape of a bean. 


Case 3.—Mrs. V., aged 66 years, had an attack of 
biliary colic associated with jaundice. A _ cholecystec- 
tomy was performed ; the gall-bladder contained many 
stones and a stone was also removed from the lower par 
of the common bile-duct. Four and a half years later the 
pain and jaundice recurred; at operation the common 
bile-duct was found to be greatly distended and from it 
numerous stones were extracted. A duodenotomy was 
performed to aid removal of a stone impacted in the lower 
end of the duct. 


Case 4.—Mrs. W., aged 44 years, after an attack of 
biliary colic, had her gall-bladder removed ; it was full of 
stones. The common bile-duct was dilated but no stones 
were felt and it was not explored. Three years later she 
was readmitted with an attack of right-sided abdominal 
pain which was diagnosed as ‘pyelitis’. Seventeen 
years after her operation she was readmitted, again with 
a similar attack, but this time she was jaundiced. She 
was re-explored ; the common bile-duct was very dilated 
and at the lower end of the duct there was a tightly 
impacted stone. It was dislodged and removed, and 
sounds were then easily passed in to the duodenum. 


Symptoms leading to the Second Operation. 
—Twenty-nine patients complained of typical biliary 
colic accompanied by jaundice ; 2 of these patients 
had not been jaundiced before the first operation but 
had undergone operation for acute cholecystitis. 
Three patients experienced biliary colic without 
jaundice ; none of these patients had been visibly 
jaundiced prior to the first operation. 

One patient, a male of 68 years, had a cholecystec- 
tomy and choledochostomy performed for biliary 
colic and jaundice; two stones, each about } in. 
in diameter, were removed from the common bile- 
duct. Five months later he had several attacks’ of 
biliary colic, and three months later again was 
admitted for the investigation of a deep jaundice of 
painless onset. This proved to be due to several 
rough stones in the common bile-duct. 

Three cases required re-operation because of 4 
persistent biliary fistula. In the first of these cases 
bile drained from the wound for six weeks after the 
operation ; a radiograph then revealed a radio-opaque 
stone in the region of the lower end of the common 
bile-duct, and this was removed. In each of the 
other two cases a biliary fistula took some weeks to 
close, only to re-open later ; at the second operation 
stones were removed from the lower end of the 
common bile-duct. 
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RECURRENT STONES 

Operative Findings at the Re-intervention.— 
The common duct was invariably concealed by 
adhesions and exposure was often accomplished only 
after meticulous painstaking dissection. In 15 cases 
there was a single stone in the duct, round or oval, 
hard or soft, and usually about 4 in. in diameter. 
On 3 occasions a stone which was apparently single 
was removed piecemeal. In 18 instances multiple 
sones were found. In 2 cases the stump of the 
cystic duct was found to contain stones as well as 
the common bile-duct ; but the presence of dense 
adhesions made routine exposure of the cystic duct 
stump a difficult task and in many cases search for it 
was not overzealously conducted. 

The Mortality and Morbidity associated 
with the Second Operation.—One patient died 
unexpectedly four weeks after the re-intervention 
and the cause of death remained uncertain. One 
patient developed a thrombosis affecting the right 
leg and another a mild cerebrovascular accident on 
the tenth post-operative day. One patient was 
treated for a bilateral basal pneumonia. A further 
case required a second operation on the twelfth post- 
operative day in order to drain a collection of bile 
around the common duct. In some cases there was 


a mild wound infection, but only one was of such 
severity as to delay convalescence. 

The Remote Results of Re-intervention.— 
Six of the 36 patients in this series were not relieved 
by this second operation on the biliary tract and 
required a further and third operation ; 
case a stone was again found : 


in each 


Case 1.—Mrs. S., aged 61 years, had suffered from 
biliary colic for years; she had not been jaundiced 
although her urine was dark in colour during the attack. 
The gall-bladder was removed ; it contained three stones. 
The common duct appeared normal and was not explored. 
Two and a half years later she had a recurrence of the 
trouble and re-operation revealed a grossly dilated 
common bile-duct containing an ovoid cholesterol stone 
at the lower end ; this was removed and a supraduodenal 
choledocho-duodenostomy was performed. Attacks of 
pain persisted after this second operation and fifteen 
months later a third operation revealed a stone in the lower 
end of the common bile-duct. 


Case 2.—Mrs. H., aged 59 years, complained of 
biliary colic associated with jaundice for the past four 
years. At operation the gall-bladder was found to be 
filled with soft concretions whilst the common bile-duct 
contained eight stones each the size of a pea. Seven 
months afterwards she had a recurrence of biliary colic 
and jaundice and a second operation was performed A 
dilated common bile-duct contained clear bile and a single 
large stone. She obtained no relief from this second 
operation and six months later at a third operation a large 
stone was again removed. 


_ Case 3.—Mrs. R., aged 48 years, after some years of 
biliary colic and jaundice, had her gall-bladder removed ; 
it contained numerous stones. About eighteen months 
later she developed a recurrence of colic associated with 
jauncice and at the second operation a stone was removed 
piecemeal from the common bile-duct. Six months later 
the pain and jaundice recurred, and a third operation 
rever'ed a large stone, 2 cm. diameter, in the lower end 
of the common bile-duct. 


( ase 4.—Mrs. H., aged 67 years, experienced attacks 
of b: iary colic and jaundice for five years before submitting 
to c wlecystectomy. The gall-bladder was thick-walled, 
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adherent to the duodenum, and contained a stone; 
another large stone was removed from the common bile- 
duct. Nine months later there was a recurrence of the 
biliary colic accompanied by shivers, and subsequently 
she became jaundiced. At the second operation two 
more stones, each about 1-5 cm. in diameter were removed 
from a dilated common bile-duct. The post-operative 
cholangiograms were normal. She remained well for 
four and a half years before the pain and jaundice recurred 
once more. A third operation was performed and a large 
stone extracted from the terminal portion of the common 
bile-duct. A second stone could not be removed because 
it was impacted too firmly, and no assistance could be 
given by a transduodenal approach so dense were the 
adhesions. A choledocho-jejunostomy was performed. 
She continued to have attacks of pain although six months 
later she was reasonably well. 


Case 5.—Mr. P., aged 68 years, suffered attacks of 
biliary colic for three months. In his last attack he 
became jaundiced. At operation the gall-bladder was 
found filled with stones, and several soft omes were 
removed from the common duct. A _ post-operative 
cholangiogram showed some obstruction at the lower end 
of the duct. Four months later biliary colic and jaundice 
recurred, and at the second operation numerous faceted 
stones, up to 1 cm. in diameter were removed from a very 
dilated common bile-duct. Nine months later he had a 
further attack which subsided spontaneously only to recur 
eighteen months later. A third operation two and a half 
years after the second revealed a grossly dilated common 
bile-duct containing stones and biliary mud. A chole- 
docho-jejunostomy was performed. 


Case 6.—Mrs. F., aged 24 years, after several attacks 
of biliary colic and jaundice had her gall-bladder removed. 
It contained numerous small stones. The common bile- 
duct was explored and was found to contain a large stone 
at its lower end. Nine months later the pain recurred, 
and although she was not jaundiced her urine was dark ; 
re-exploration revealed a large stone at the lower end of 
the duct. The bile was pale and turbid. The drainage- 
tube was left in the bile-duct for three months. Two 
years after it had been removed, she had a further attack 
of pain unaccompanied by jaundice. The ducts were 
again explored; they were dilated but contained no 
stones. A supraduodenal choledocho-duodenostomy was 
performed, but she continued to have pain in the post- 
operative period. 


A seventh case was readmitted to the Royal 
Melbourne Hospital nine months after the second 
exploration ; she was moribund and died shortly 
after admission. 


Case 7.—Mrs. W., aged 44 years, after an attack of 
biliary colic had her gall-bladder removed. It was full 
of faceted stones; the common bile-duct was dilated, 
but no stones could be felt and it was not opened. Three 
years later she was readmitted with an attack of right- 
sided abdominal pain which subsided and was thought 
to be renal in origin, although there was little positive 
evidence to support this opinion. Seventeen years later 
she returned to hospital with colicky abdominal pain and 
jaundice. She was subjected to re-exploration. The 
common bile-duct was very dilated and at its lower end a 
stone was tightly impacted. It was dislodged and 
removed. A control operative cholangiogram showed 
that no dye entered the duodenum, but sounds seemed to 
slide through the intramural portion of the common bile- 
duct into the duodenum without difficulty. A posi- 
operative cholangiogram also showed that no dye entered 
the duodenum, but when the tube was removed from the 
common bile-duct the resulting biliary fistula closed 
quickly. Nine months later she was re-admitted to 
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hospital in a moribund state ; she had been complaining 
of severe pain and had vomited profusely. She was 
jaundiced and died soon after admission. Autopsy 
examination revealed a stone tightly impacted in the 
lower end of the common bile-duct. The stone was 
similar to the one removed previously. 


Two other patients in this series had had re- 
explorations of the common bile-duct performed 
elsewhere prior to the re-intervention at the Royal 


C.B.D. FILLED 
WITH STONES 


Fic. 249.—Specimen removed at autopsy from a male, 
23 years, who died as a result of chronic glomerulonephritis. 
he common bile-duct is very dilated and is filled with 
large stones. The gall-bladder appears to be normal and is 
without stones. The cystic duct is long and narrow. There 
were no symptoms referable to the biliary tract during life. 


Melbourne Hospital. A further patient experienced 
attacks of biliary colic associated with jaundice after 
the second operation and three years later was re- 
admitted with jaundice following a severe attack but 
it quickly subsided. 


DISCUSSION 


New Stone Formation in the Common 
Bile-duct.—Stones in the common bile-duct 
causing symptoms after cholecystectomy are present 
either because they have reformed or because they 
were overlooked at the first operation. There is 
some evidence to show that new stones may form in 
the common bile-duct : 

1. Latimer, Mendez, and Hage (1947) reviewed 
71 cases of congenital absence of the gall-bladder ; 
in 12 of these cases stones were present in the 
common duct. 

2. Millbourn (1950), in his series of 22 cases in 
which a stone was removed from the common bile- 
duct at a second operation, noted in 2 instances that 
the concretion was superimposed on silk ligatures. 

3. Lahey (1938), in 4 per cent of cases subjected 
to operation, has recovered stones from the common 
bile-duct in the absence of any in the gall-bladder. 

4. At operation the surgeon may satisfy himself 
that the duct is apparently clear of calculi, yet at 
re-operation the duct is filled with stones. 

5. Millbourn (1950) believed that in 5 of his 22 
cases the residual stone was probably a new calculus 


because the patients were free of symptoins {fo 
periods extending from II to 29 years. 

Although the evidence in favour is not strong 
the view is widely accepted that small stones an 
debris in the common duct may form the nucleus fo 
larger stones, and in addition may be responsible 
for a degree of stasis which would enhance such , 
process. 

New Stone Formation in the Stump of th 
Cystic Duct.—New stones may form in th 
diverticulum constituted by the stump of the cystic 
duct which remains after cholecystectomy. Johnston 
and Anson (1952) have demonstrated in 20 per cen 
of anatomical dissections that the cystic duct run; 
parallel with the common hepatic duct for a varying 
distance before entering it to form the commo 
bile-duct ; in 15 per cent of cases the cystic duc 
spirals around the common duct a quarter, a half, 
or even a full turn. Méillbourn (1950) found tha 
2-3 cm. of the cystic duct commonly remained 
behind despite the most careful efforts of the surgeon 
to remove the whole of the duct. Within this 
cystic duct stump diverticulum stones may apparently 
reform (Fig. 250). Whilst such stones are retained 
within the cystic duct stump they probably cause no 
symptoms, but in the event of their migration into 
the common bile-duct biliary colic and jaundice may 
result. 

Difficulties in the Detection of Stones in 
the Unopened Common Bile-duct.—In mos 
cases it seems certain that the stone has been over- 
looked at the time of the original operation. In 
I5 instances in this series the common bile-duct was 
not opened and explored at the initial operation and 
the patient was forced to submit to a further operation 
for removal of a stone from the common bile-duct. 
In 4 of these 15 cases the patient presented with 
acute cholecystitis, and exposure of the duct a 
operation was hindered by gross cedema, whilst in 
the remaining II cases the duct appeared normal 
and was not explored. In the other 21 cases the 
common bile-duct was opened and stones were found 
in 16. 

Moynihan (1904) believed the common bile-duct 
should only be opened if stones could be palpated 
within the duct. But small ones, and even quite 
large ones might escape detection ; stones within a 
common bile-duct deeply embedded in the pancreas 
are hard to feel and stones in the intrahepatic ducts 
would be impossible to recognize. 

Some surgeons feel that operative cholangiography 
permits detection of stones by direct visualization in 
such a high proportion of cases that it should become 
a routine investigation (McNeil Love, 1952). Whilst 
some of the results of this investigation are satisfying, 
interpretation of the films is often so difficult that 
the procedure becomes unreliable and one to be 
used with care (Hughes, 1955). As experience 
increases with intravenous choledochography more 
definite information will be available before operation ; 
pre-operative intravenous choledochography will 
almost certainly replace diagnostic operative 
cholangiography. 

The surgeon must depend to a large extent, 
therefore, on indirect evidence. That there is no 
uniformity of opinion as to what constitutes reliable 
evidence is reflected in the variation of published 
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explored at the time of cholecystectomy, and in 27, 
or 33 per cent, of those in whom a choledochotomy 
was performed stones were found. This means that 
stones have been detected in the common ducts of 
only 11 per cent of patients who have suffered at 
some time jaundice in addition to biliary colic. 
On the other hand, if the patient is admitted to 
hospital with jaundice (and it often subsides shortly 
afterwards if it be caused by stone) and is subjected 
t0 operation the chances of finding a stone in the 
common duct are considerably greater. In a series 
of 14°. patients admitted with jaundice and associated 
with cholelithiasis, 120 had an exploration of the 
comnion bile-duct performed at the time of the 
chok -ystectomy and in 93 instances stones were 


common bile-ducts explored ; stones were found in 
16 of them, or in 3 per cent of the 607 patients 
submitted to cholecystectomy for biliary colic 
without jaundice. Hence, from the 855 elective 
cases, stones were removed from the duct in 43 
instances, and 16, or 37 per cent, of these patients 
had never observed jaundice. A positive history of 
jaundice will make the surgeon suspicious of a stone 
in the common bile-duct but a negative history does 
not exclude. 

A contracted gall-bladder with or without stones, 
a bile-duct that is apparently enlarged and possessing 
pale and opaque walls, a nodular pancreatic head, and 
muddy bile aspirated from the common bile-duct 
are operative indications in favour of a calculus, past 
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or present (Lahey, 1938 ; Hurley, 1941). Experience 
in the surgery of the biliary tract will undoubtedly 
enable the operator to be reasonably accurate in his 
decision whether or not to open the common bile- 
duct for exploration ; but absolute accuracy is not 
obtainable by these means because gall-stones in 
the common duct can be very elusive. Ina series of 
23 patients who were subjected to cholecystectomy 
without exploration of the common duct and who 


FIG. 251.—A specimen removed at autopsy to show 
cholecystectomy for acute cholecystitis. The patient was 
a cerebro-vascular accident. 


died within a week or two of the operation, and who 
were subjected to autopsy examination, there were 
2 instances of overlooked stones. Of the 36 patients 
requiring re-operation because of residual or recurrent 
stone in the common bile-duct, 15 had had a 
cholecystectomy only without exploration of the 
common bile-duct (Royal Melbourne Hospital 
figures). Furthermore the Lahey clinic have demon- 
strated that the more frequently the common duct is 
explored the higher the percentage of stones 
discovered. 

Difficulties in the Detection of Stones in 
the Opened Common Bile-duct.—At the Royal 
Melbourne Hospital, autopsy examination on 28 
patients who died within two or three weeks of 
exploration of the common duct showed stones 
remaining in 6 instances. Schuberth (1939) reports 
a similar experience in 16 out of 35 patients, and 
Milibourn (1941) in 10 out of 18 patients. Critical 
appraisal of such findings must take into account 
technical difficulties in the obese and the surgeon’s 
desire for minimal interference in the poor-risk 
patient (Byrne, 1949). Mayo (1923) recorded that 
autopsy studies in his clinic showed that in nearly 
one-third of the patients who succumbed after 
operation on the common bile-duct there were 
remaining stones, and he suggested that “‘ perhaps 
some of the stones which ere supposed to have 
reformed in the common bile-duct are left overs ”’. 
In one of the few cases that died in a series of 
I50 operations reported by the late Sir George 
Syme in 1927 an overlooked stone had blocked the 
tube draining the common bile-duct. 

Post-operative cholangiograms reveal a number 
of cases where a stone has not been removed despite 
exploration. Corff, Beyer, and Gerston-Cohen (1952) 
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report an incidence of 18 per cent; Miixter, 
Hermanson, and Segal (1951) 13 per cent; FI icken, 
McAlister, Franz, and Crowden (1950) 12 per Cent; 
and Buxton and Burk (1948) 5-9 per cent. A serie; 
of 41 post-operative cholangiograms studied at the 
Royal Melbourne Hospital showed filling defecis 
almost certainly caused by stones in 4 instances, 
The fact that in most cases symptoms recur or 
continue so soon after the initial operation suggest; 
that the stones were overlooked rather than reformed. 
In 16 cases in this series, that is very nearly 50 per 


STONE IN CYSTIC 
DUCT STUMP 


a large stone remaining in the cystic duct stump following 
symptom free for two and a half years and then died from 


cent, symptoms had reappeared within six months of 
the initial operation. Gray and Sharpe (1944) 
found that in 9 out of 11 cases studied symptoms had 
recurred in less than a month after operation. 

Several measures have been adopted to reduce 
this very real possibility of overlooking stones even 
after the common bile-duct has been opened. 
Duodenotomy is no new procedure, but it has been 
recently re-emphasized that its performance increases 
the efficiency of the exploration without raising the 
mortality or morbidity rates (Hardy, 1952 ; Glenn, 
1952). After the common bile-duct has _ been 
explored some surgeons perform routinely a ‘ control 
operative cholangiogram,’ but the difficulty associated 
with interpretation of wet films considerably reduces 
the value of the procedure. In France, Mallet-Guy 
has developed and routinely uses a manometer which 
will allow the measurement of perfusion pressures 
after inserting a cannula into the common bile- 
duct. Stones at the lower end of the common 
bile-duct result in abnormal perfusion pressures. 
In a series of 100 cases of gall-stones without evidente 
clinically or at operation suggesting involvement of 
the common bile-duct, he was able to demonstrate 
stones in the main duct in Io instances (Mallet-Guy, 
1952). A lithophone which results in the production 
of an electrically magnified noise when it strikes a 
stone has been given a trial by Corff, Beyer, and 
Gerston-Cohen (1952), who claim to have located 
stones within the intrahepatic ducts. 

Overlooked Stones within the Stump of the 
Cystic Duct.—Stones may be left behind in the 
stump of the cystic duct (Fig. 251). A gall-blader 
full of stones often has a stone or two in the cystic 
duct, and if this be a long structure a ligature m ght 
be applied well above a group of stones which | iter 
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fnd their way into the common bile-duct. After 
the gall-bladder has been removed the duct system 
and the cystic duct stump dilate so that stones in 
this situation could loosen and fall into the common 
duct to produce symptoms. 


TMENT OF RECURRENT OR RESIDUAL 

STONES IN THE COMMON BILE-DUCT 

The first indication that a stone has been over- 
looked in the common bile-duct may come from a 
study of the post-operative cholangiogram. Pribram 
(1935) advocated the instillation of ether into the 
common duct in the hope that the stone would 
dissolve or break up. Success has also been claimed 
by others (Byrne, 1949; Strickler, Muller, Rice, 
and Baronofsky, 1951 ; Corff, Beyer, and Gerston- 
Cohen, 1952), but Glenn (1952) has abandoned 
further attempts to remove stones by this manceuvre 
because it seemed to cause a cholangitis; in the 
few cases in which it was attempted at the Royal 
Melbourne Hospital it was responsible for severe 
pain and was not successful in dislodging the stone. 
Best, Rasmussen, and Wilson (1953) tested the 
solvent properties of 113 substances and concluded 
that warm chloroform was the most effective ; in a 
clinical trial they report success in 12 out of 14 
patients. 

Best, Hicken, and Finlayson (1939) initiated a 
‘biliary flush regime’. The flow of bile was 
increased by the oral administration of cholagogues 
and the tonus of the choledochal sphincter was 
decreased by the simultaneous ingestion of nitro- 
glycerin tablets. In this way it was hoped to 
encourage the passage of stones through the common 
bile-duct. Byrne (1949) reported success with a 
combination of the Pribram and the ‘ flush regime ’, 
and more recently Best and his associates (1953) 
have combined chloroform dissolution with a 
‘three-day biliary flush ’. 

McGowan, Keeley, and Henderson (1947) 
believed that stones could be helped through the 
terminal common bile-duct by raising the perfusion 
pressure within the common bile-duct to 700 mm. 
of water and simultaneously deeply inhaling amyl 
nitrite. 

Some surgeons advocate secondary surgical 
intervention at this early stage. But Millbourn 
1950) has called for caution in this regard. He 
records 6 patients in whom post-operative cholangio- 
grams revealed stones; in 4 of these re-operation 
was performed two to fifteen days after the first 
operation. One died and in two others the post- 
operative course was difficult. Since it is unusual 
for such an overlooked stone to cause complete 
obstruction, a- persistent fistula is not common. 
Therefore it is reasonable to remove the tube in the 
bile-ducts and await events. 

The second surgical exploration must be carefully 
planned. It is wise to remove the stump of the 
cystic duct as a routine. The walls of this ‘ diver- 
tculum ’ are often thick and stones within it difficult 
or impossible to palpate, and in any case it might be 
a sie for their reformation. Despite the dis- 
appe nting results with operative cholangiography 
ara liograph might prove of assistance and should 
be available. A duodenotomy and direct inspection 
of aid incision along the length of the intramural 
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portion of the common bile-duct ensures that no 
stones remain in this portion of the common bile-duct 
which is difficult to explore from a supraduodenal 
incision in the duct. 

A few surgeons favour a supraduodenal chole- 
docho-duodenostomy or choledocho-jejunostomy in 
these cases in order to by-pass the troublesome 
lowest 2-3 cm. of the common bile-duct, and to 
reduce the likelihood of stasis. Millbourn (1950) 
found choledocho-duodenostomy to be an unsatis- 
factory procedure because attacks of pain and 
cholangitis are likely to persist. In this series there 
were 2 patients on whom choledocho-duodenostomy 
was performed; in 1 of these pain persisted and 
fifteen months later a third operation was necessary 
and a stone was removed from the ampulla after the 
duodenum was opened. In one of the two patients 
in whom choledocho-jejunostomy had been performed 
symptoms were still present four months after the 
operation. 

The results of this secondary intervention have 
proved unsatisfactory. In this series of 36 patients, 
at least 10 of them had persistent symptoms after a 
second operation. Eight of them were forced to 
undergo a third operation ; I was admitted moribund 
due to a stone tightly impacted in the lower end of 
the common duct; and 1 had persistent symptoms 
but had avoided further operation. The few patients 
who have the misfortune to return with choledocho- 
lithiasis require the most careful surgical attention 
if further recurrence is to be avoided. 


SUMMARY 


1. In a series of 55 patients subjected to re- 
operation following a previous cholecystectomy, one 
or more stones were extracted from the common bile- 
duct of 36 of them. 

2. The clinical features of these 36 patients have 
been analysed :— 

a. Six patients were subjected to cholecystectomy 
originally on account of acute cholecystitis; 29 
suffered from attacks of biliary colic with jaundice or 
dark urine. One patient had biliary colic without 
jaundice. 

b. In 21 instances the initial operation consisted 
of cholecystectomy with exploration of the common 
bile-duct ; in 1§ the gall-bladder was removed, but 
the common duct was not opened. 

c. Symptoms had reappeared within twelve 
months in 18 cases and within eighteen months 
in 24; all but four had recurred within three years 
of the operation. 

d. Twenty-nine patients complained of biliary 
colic with jaundice; 3 patients had biliary colic 
without jaundice ; 1 patient had jaundice without 
pain; whilst 3 required operation because of 
persistent biliary fistula. 

e. In 15 cases a single stone was found at re- 
operation and in 18 cases there were multiple calculi ; 
in 3 the stone or stones broke up whilst being 
removed. 

f. Post-operative complications were not un- 
common. 

g. Six of the 36 patients returned for a third 
operation, and in each case a stone was found again. 
A seventh was readmitted moribund six months 
after the second operation and autopsy revealed a 
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stone impacted in the lower end of the common duct. 
Two other patients had already had re-explorations of 
the duct done elsewhere. A tenth patient continued 
to have attacks of biliary colic and jaundice. 

3. The source of these stones in the common 
duct is discussed. In some instances the stone may 
have reformed in the common bile-duct or in the 
stump of the cystic duct; it appears more likely 
that in most instances the stone has been overlooked 
at the first operation. Merely opening the common 
bile-duct does not insure against leaving a stone 
behind. 

4. Non-operative methods designed to remove 
these stones do not appear to be very successful. 
Operation must be approached cautiously because 
of the increased morbidity with this second operation, 
and because of the relatively large number of patients 
unrelieved even by this second intervention. 


I wish to express my thanks to my colleagues on 
the staff of the Royal Melbourne Hospital for 
permitting me to review their records. 
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METASTASIS OF GASTRIC CARCINOMA TO THE SPERMATIC CORD 
AND INTESTINAL TRACT 


By W. JONES WILLIAMS anp L. P. THOMAS 


INSTITUTE OF PATHOLOGY, WELSH NATIONAL SCHOOL OF MEDICINE AND ROYAL INFIRMARY, CARDIFF 


CARCINOMA of the stomach with extension to the 
spermatic cord, colon, and distal ileum is uncommon, 
but presents some debatable points regarding the 
mode of spread of the tumour. The presenting 
signs in the case to be described were predominantly 
due to the secondary lesions. 

Secondary spread to the spermatic cord from 
carcinoma of the stomach is very rare. Search of 
the literature has revealed only 1 case, described 
by Lewis, Goodwin, and Randall (1944), where the 
condition was bilateral. Likewise diffuse involve- 
ment of the intestinal tract is somewhat uncommon, 
although Lumb (1949) collected 50 such cases from 
the literature. He added 1 case of his own in which 
the presenting symptoms were intestinal rather than 
gastric. Lumb’s case also showed the unusual 
feature of spread to the perianal skin. Dixon and 
Stevens (1936) reported 6 cases of gastric carcinoma 
with diffuse intestinal involvement and pointed out 
that presentation with complete absence of gastric 
symptoms is uncommon. 


CASE REPORT 


A man, aged §7 years, who had been working as 4 
quarryman up to five days prior to admission to hospital 
complained of anorexia for one month and loss of weight. 
The bowels were constipated for two weeks, but for the 
past five days he had diarrhea. The stool was watery 
and offensive but contained no blood or mucus. 
Associated with the diarrhoea he had abdominal enlarge- 
ment and a dull pain in the umbilical region. Oliguria 
and swelling of the left ankle were noticed the day before 
admission. 

On EXAMINATION.—There was evidence of dehydra- 
tion and wasting. Free fluid was present in the abdominal 
cavity. There was no palpable abdominal mass and 
neither the liver nor spleen were felt. The right spermatic 
cord was diffusely thickened and the right epididymis 
slightly enlarged and tender. Rectal examination revealed 
thickening of the wall of the bowel extending into the 
pararectal tissues and also narrowing of the lumen to the 
size of the index finger. The lower part of the abdomen 
and the left leg were cedematous. There were 10 
enlarged lymph-glands. Examination of the oier 
systems revealed no abnormality. 





METASTASES 


The Hb was 85 per cent W.B.C.s 8500, with 7 per 
cent eosinophils. Urine examination was normal. The 
grum acid-phosphatase and blood-urea were normal. 
The Wassermann reaction and Kahn test were negative. 
X-ray examination of the chest was normal, but a straight 
radiograph of the abdomen showed slight distension of 
the small intestine and constriction of the descending 
colon. Proctoscopy showed what was considered to be 








FiG. 2§2.—The distribution of tumour in the intestines, 
the site of perforation, and the extent of rectal stenosis. 


Fic. 254.—Submucosal tumour infiltration of stomach wall. 
x §.) 


a granulomatous stricture of the rectum. Paracentesis 
abdominis was performed on the day of admission and 
eight pints of clear straw-coloured fluid were removed, 
the protein content being 4:4 mg. per 100 ml. Méicro- 
scopical examination showed no malignant cells. 

At OPERATION.—Laparotomy was performed seven 
days after admission, when six pints of clear fluid were 
removed. The parietal peritoneum appeared red, as did 
the omentum, which was also thick and contracted. 
Histo!ogical examination of the omentum showed no 
carcinoma ; the features were those of chronic inflamma- 
tion. Large segments of the colon and rectum were thick 
and : gid, the former also showed numerous subserosal 
nodu!-s. The small intestine appeared normal. The 
para~ortic glands were enlarged into a mass IO Xx § cm., 
the 1 esenteric glands being normal. The stomach wall 
was hickened but no tumour mass was found. The 
othe: viscera were normal. 
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ProGREsS.— A barium enema, performed nineteen 
days after laparotomy, using a No. 15 rubber catheter, 
showed irregular narrowing of the descending colon. 
Six days later he complained of sudden severe abdominal 
pain and vomited. Examination showed generalized 
abdominal tenderness and a diagnosis of perforation of 
the bowel was made. Immediate laparotomy revealed 
generalized peritonitis with large quantities of fecal 


Fic. 253.—Diffuse tumour infiltration and stenosis of rectal 
wall. (Natural size.) 


Fic. 255.—Diffuse tumour infiltration of stomach wall. 


Hematoxylin and eosin. (x §2.) 


contaminated free fluid. A perforation of the rectum 
was found, closed by suture, and a defunctioning 
terminal ileostomy performed. His general condition 
— deteriorated and he died on the following 

y 


POST-MORTEM FINDINGS.—The body was emaciated. 
The abdominal cavity contained two pints of fecal 
contaminated free fluid with generalized fibrinous 
peritonitis. 

The shaded areas in Fig. 252 show the distribution of 


tumour in the large and small intestines. In these areas 
the whole bowel wall was diffusely thickened and there 
were submucous nodules of tumour tissue (Fig. 253). 
Stenosis was present only in the rectum, and at this site 
the tumour was adherent to the posterior wall of the 
bladder, prostate, and seminal vesicles. There was a 
sutured scar in the anterior wall of the pelvic colon at the 
site of perforation. The mesentery adjoining the area 
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of affected ileum was also diffusely thickened. The 
distal half of the stomach showed diffuse thickening 
involving all the coats and there were also submucosal 
nodules up to $ cm. diameter (Fig. 254), some of which 
showed ulceration. The lymphatic glands of the greater 
and lesser curvature of the stomach, paracolic, inter- 
mediate, and para-aortic groups were enlarged and on 
section uniform white in colour. The right spermatic 
cord was diffusely thickened along the greater part cf its 


. 256.—Subserous lymphatic spread in the stomach. 
Periodic acid—Schiff hematoxylin. (x 216.) 


length. The left spermatic cord, both testes, and 
epididymi were normal. There were no other tumour 
deposits present in the body. The lungs showed marginal 
emphysema ; the coronary arteries were atheromatous. 
All the other organs were normal for age. 

Histological examination of the stomach shows diffuse 
infiltration of all coats by poorly differentiated mucin- 
secreting carcinoma cells scattered in abundant fibrous 
stroma (Fig. 255). A few areas show attempted tubule 
formation. The intestinal lesions and the affected glands 
show a similar appearance. There is subserous and 
submucous lymphatic spread of tumour in the stomach 
and intestines (Fig. 256). The right spermatic cord shows 
a diffuse infiltration by similar cells, with extension along 
lymphatic channels and tissue spaces (Fig. 257). The 
vas deferens is, however, not involved. There are 
tumour cells present on the outer surface of both seminal 
vesicles, but no invasion of their substance. There are 
no carcinoma cells at the site of perforation in the colon, 
the prostate, liver or appendix. 


COMMENT 


This case is one of anaplastic mucin-secreting 
carcinoma of the stomach of the leather-bottle type. 
The secondary deposits along the spermatic cord 
may be explained by retrograde lymphatic spread 
from the para-aortic glands. The finding of intra- 
lymphatic carcinoma in the stomach and intestines 
suggests that the latter lesions were retrograde spread 
from the stomach. It would be difficult to account 
for the condition by transcceelomic spread, as the 
latter would tend to produce nodular lesions, while 
in this case the infiltration of the intestinal wall was 
diffuse. It must, however, be admitted that trans- 
ceelomic spread, once it had produced a tumour 
nodule, could then spread further by lymphatics. 
The intestinal lesions in our case are very similar to 
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those reported by Lumb who also conclud d thy 
spread was via lymphatics. We have th add. 
tional proof in the finding of glandular invol\ emen, 
Lewis and others (1944) report a similar cae with 
bilateral involvement of the spermatic coriis anj 
widespread abdominal secondaries. They sugges 


that the cord was involved by transccelomic spread 
The gross ascites in our case could largely } 


FIG. 257.—Tumour spread in spermatic cord. Hematoxylin 
and eosin. (* 132.) 


accounted for by our finding of widespread lymphatic 
obstruction in the intestinal wall. There was no 
involvement of the liver and no portal vein obstruc- 
tion. The direct peritoneal irritation by secondary 
deposits would also play a part in the formation of 
ascitic fluid. The unilateral edema of the leg, in 
the absence of femoral vein obstruction could also 
be largely due to lymphatic obstruction. Lewis 
and others (1944) in their case noted bilateral 
cedema of the legs but made no comment as to the 
aetiology. 

The absence of carcinoma at the site of rectal 
perforation suggests that this was due to necrosis 
following pressure by the barium enema catheter. 


SUMMARY 


1. A case of carcinoma of the stomach with 
metastasis to the spermatic cord is described. 

2. There was diffuse involvement of the intestinal 
tract. 

3. The mode of spread was thought to be by 
lymphatics. 

4. The presenting signs were due to the secondary 
lesions and not to the primary carcinoma. 


We are indebted to Mr. A. C. Lysaght for 
permission to record this case, and to Professor 
J. Gough for much helpful advice. 
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RETROGRADE INTUSSUSCEPTION 
A REPORT OF A CASE AND A REVIEW OF 103 CASES IN THE LITERATURE 
By A. C. AKEHURST, Bristo. 


INTUSSUSCEPTION has been a well-recognized condi- 
tion since the earliest days and indeed, according to 
Sir D’Arcy Power (1897), the enema treatment was 
recommended by Hippocrates and laparotomy prac- 
ised by Paraxagoras of Cos. The term ‘ retrograde 
intussusception ’ appears to have been introduced 
by John Hunter (1789). In his paper later read 
before the Society for the Improvement of Medical 
Knowledge (Hunter, 1793), he discusses a theory of 
formation of intussusceptions and says: “‘ Introsus- 
ception is a disease produced by the passing of one 
portion of intestine into another, and it is commonly, 
| believe, from the upper passing into the lower 

If the mode of accounting for the introsus- 
ception which I am going to offer be just, it will 
most frequently happen in the way I have stated, 
athough there is no reason why it may not take 
place in the contrary direction, in which case the 
chance of a cure will be increased by the natural 
actions of the canal tending to replace the intestine, 
and probably from this circumstance it may oftener 
occur than commonly appears. When the introsus- 
ception is downwards it may be called progressive, 
and when it happens upwards, retrograde.”’ At this 
time Hunter had apparently not seen a case of retro- 
grade intussusception; but at the same meeting, 
after Hunter’s paper, Home (1793) reported a case. 
There is a specimen in the Hunterian collection, 
No. 874, quoted by Duchaussoy (1860) amongst 
16 cases from the literature, but this was obtained, 
apparently by Hunter, from a cat and used by him 
to demonstrate the nature of intussuscepta. It was 
of the multiple colonic type. 

In spite of these remarks, and the opinion of 
Power (1886), retrograde intussusception was as 
recently as 1923 still regarded by such eminent 
authorities as Lockhart-Mummery (1923) as only an 
agonal condition. 

A case of retrograde intussusception of the 
sigmoid colon, which occurred during life, in 1945, 
stimulated an investigation of the literature and an 
attempt is here made to summarize briefly all cases 
of this reversed type of invagination reported except 
that occurring through the stoma following gastro- 
jejunostomy. 

It is found that retrograde invaginations have 
been reported in all parts of the alimentary tract, 
making a simple classification possible. Thorek 
‘Thorek and Lorrimer, 1947) suggested the classi- 
fication for intussusception as a whole should be: 
I) Enteric ; (2) Colic; (3) Enterocolic ; (4) Retro- 
grade ; and uses Groper’s (1940) nomenclature for 
the retrograde variety thus: (1) Jejunogastric ; 
2) Enteric ; (3) Caco-ileal ; (4) Colic. 

The primary classification, however, seems to 
confuse the two main varieties of invagination and 
it would seem preferable to return to Hunter’s 
clas: ification, substituting the now more commonly 
usec term ‘ direct ’, for ‘ progressive’. Each variety, 
- *t and retrograde, can then be further sub- 

viled :— 


Direct 
. Gastroduodenal ; 
. Enteric ; 
. Enterocolic ; 
. Colic. 


Retrograde 
. Gastro-cesophageal ; 
. Duodenogastric ; 
. Enteric ; 
. Cexco-ileal ; 
. Colic ; 
. Jejunogastric. 


Either variety can be primary or secondary to 
the other when occurring in multiple invaginations 
and this fact would be specified where possible. 
The cases in the literature will be given in this order 
in each group, the ‘ primary’ cases first. 

The earlier cases reported were all discovered 
post mortem because of the complete absence of 
surgical treatment. At this period the late symptoms 
of acute obstruction, with peritonitis and all its 
accompanying symptoms, were recognized as a 


Table I.—SITE OF INTUSSUSCEPTION 


Duodenogastric 


Gastro-cesophageal 








Enteric 
Single 23 
Compound 15 


Ceco-ileal 
Colic 


Single II } 
Compound 40 











Appendicular 





Situation unknown 








symptom-complex known as the ‘iliac passion’ 
(Blancardus, 1701 ; Keating, 1892). One of the earliest 
of these cases found is that of Bonetus (1700). 
A translation from the Latin reads as follows: 
“* Finally, in the lower ileum, I found five very large 
folds in the intestine each the length of my finger, 
in each of which I found the ileum rolled up ; each 
one was very bad. This (part) had invaginated up 
from below, elsewhere it was folded down from 
above and so medication from above and from below 
had run out.” 

Blancardus (1701) reported a case. A literal 
translation from the Latin reads: “ A person was 
severely afflicted for a long time by fixed and con- 
tinuous pain in the region of the right hypo- 
chondrium. At length he passes into the ‘iliac 
passion’ and dies. The cz#cum is contracted and 
is insinuated into the ileum so that absolutely 
nothing can descend from the ileum into the colon. 
The contracted colon was found to be swollen and 
gangrenous.” 

Fabricius (1682) saw a case which terminated 
fatally thus: “‘ Theodore . . . a boy I had several 
times seen who suffered somewhat through the years 
from fixed and continuous pain below the liver such 
that at length he died. I was called to see him at 
last, dead of a very severe ‘iliac passion’, in order 
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to inquire into the cause of his preceding pain. 
Examining the corpse I found the contracted cecum 
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decreasing mortality-rate common to all ab jomj 
procedures, many have survived. Anothe: ; 












































bes : - - . - Inter 
to have insinuated itself into the ileum so as to’ esting case is that of Home (1793). Tie caw 
block it, so that absolutely nothing from the upper reported by Mr. Smith of Bristol. A czbin-bo 
Table II.—CLASSIFICATION ACCORDING TO CAUSATION OR ASSOCIATED 
PATHOLOGY 
ASSOCIATED CAUSATION OR 
SITUATION No. PATHOLOGY REMARKS 
Gastro-cesophageal I None obvious 
Duodenogastric I None obvious 
Enteric 
Single 23 33 None or none given 13 
Foreign bodies (cherry stones) I Cherry stones 
Neoplasms 3 Lymphosarcoma 1 ; 
Angio-adenoma I ; 
Mucous polyp 1 
Meckel’s diverticulum 6 Causative in 3; 
Present 2 ; ; 
Meckel’s only invagin- 
ated 1 
Poisoning I 
Enteric 
Compound 15 None or not given 5 
Foreign bodies I Roundworms 
Neoplasms 2 Polyp ; 
Secondary melanoma 
Intestinal obstruction 2 Meckel’s diverticulum ; 
Strangulated hernia 
Trauma 3 
Distal to gastrojejunostomy stoma I 
Czco-ileal 6 None obvious 4 
Neoplasms with obstruction 2 Lymphosarcoma ; 
Adenocarcinoma 
Colic 
Single II 51 None or none given 8 
Neoplasms 3 Benign polyp ; 
Malignant papilloma ; 
Pedunculated lipoma 
Compound 40 None or none given 2 
Above obstruction due to direct 
intussusception 
Surrounding direct intussescep- 
tion 13 
Below direct intussusception 12 
Appendicular I None 
Situation not given 5 None given 
Total 103 














A summary of case histories is given in Table III. 


intestines was able to permeate to the colon. Hence 
the ‘iliac passion’. Having cut the ileum and 
pulled out the cecum I found it everywhere inflamed 
and swollen.” 

The article ascribed by Duchaussoy (1860) to 
Blasius could not be located. These cases were 
often secondary retrograde intussuscepta of the 
colon, e.g., Spry (1800), and the prevalence of the 
inflation treatment may have had something to do 
with this, with the result that several such cases 
were found when laparotomy began to be performed 
late on cases which had failed to respond to the 
conservative treatment (e.g., Handfield Jones and 
Page, 1878). The earliest report primary retro- 
grade intussusception discovered during life and 
surviving is that of Korte (1892); a colic type 
treated operatively. Hektoen’s (1893) case appar- 
ently recovered spontaneously from four retrograde 
enteric invaginations. Since then quite a number 
of cases have been found at operation and, with the 


died of arsenic poisoning taken in a fit of anger 
after being reprimanded. At post-mortem examin- 
ation there was found in the ileum “ an introsuscep- 
tion of above 2 in. long formed by a portion of the 
lower part of the gut having been inverted and 
pushed into that immediately above it”. A ‘ong 
roundworm was found coiled around the projecting 
intussuscepted part. 
The following case has not so far been reported. 


CASE REPORT 


A woman, aged 72, was admitted to the R.H.W. on 
Sept. 9, 1945. She had a history of acute colicky 
abdominal pain of two days’ duration spreading all over 
the abdomen. Her bowels had not been open for two 
days. She had had attacks of constipation and diarrhea 
for nine months previously and frequent loose motions for 
three months previously. She had also had several attacks 


of prolapse of the rectum with severe pain, and had been 
losing weight rapidly. An enema had been given three 
hours before admission without result. 
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Table III.—CAsE HISTORIES OF 103 CASES OF RETROGRADE INTUSSUSCEPTION 
eee 














CASE | AUTHOR SITE AGE SEx Case NOTES RESULT 
a hageal 
Gastro-cesop — 
I Lannon and Culiner | Stomach into 1omth — Found at P.M. Lesser curve, pylorus, and duodenum 
(1946) esop invaginated into esophagus 5 cm. above diaphragm Died 
ogastric :— 
2 | Broglio (1946) Duodenum into — a Intussusception reduced at operation Recovery 
stomach 
Enteric :— ‘ ' ; , 
3 Bonetus (1700) Lower ileum _ — | FoundatP.M. Five retrograde folds in lower ileum | Died 
4 Home (1793) Lower ileum a M. | Died with severe colic after arsenic poisoning. A | Died 
: round worm was found coiled around the apex 
5 Garrie (1832) Jejuno-ileal 17 yr. a Found at P.M. A retrograde intussusception 12 in. | Died 
long. Died after two days’ conservative treatment 
6 Cloquet (1849) Mid-ileum Young girl At P.M. a double direct and retrograde intussusception | Died 
with eleven Ascarides lumbricoides nearby 
7 Coste (1852) Terminal ileum 47 yr. M. | Died after seven days’ conservative treatment for | Died 
obstruction. At P.M. a gangrenous retrograde intus- 
susception with cherry stones proximally 
8 Goupil (1£§2) Direct and retrograde | 18 yr. F. P.M. after four days’ conservative treatment. | Died 
Obstruction by a band. Two intussusceptions 
9 Kiittner (1868) ——y into duo- _ F. Died after 4 days’ conservative treatment ; 2 ft. long | Died 
enum 
10 Hektoen (1893) Ileum $6 yr. M. | P.M. Incidental finding four healed retrograde intus- | Recovery 
susceptions 
i Schiller (1896) Ileum 36 yr. M. | At ne multiple lymphosarcomas and a retro- — 
grade ileal intussusception 
12 Stubenrauch (1898) | 10 cm. from ileo- | $$ yr. F. At cpeuane resection and anastomosis. There was | Died 
cecal valve a Meckel’s diverticulum between the layers 
13 Ray (1900) 18 in. from cecum 7 mth. — At operation an ileocecal direct and double enteric | Recovery 
intussusceptions direct and retrograde. Reduced 
14 Rigby (1903) Ileum 7 yr. M. | At operation gangrenous volvulus of ileal-intussuscep- | Died 
tion reduced and 3 ft. resected. United around 
button 
15 Damianios (1904) 3 yr. F. Resection and anastomosis of 20 cm. intussusception Died 
16 Le Conte (1906) Multiple 9 yr. M. | Operation after abdominal stabbing. A double direct | Recovery 
and retrograde intussusception 2 ft. past another 
direct 
17 Barnard (1907) Multiple a — Run-over injury. At operation vigorous peristalsis — 
forming multiple invaginations, mostly retrograde 
18 Silhol and Bossy a Infant At operation a retrograde invagination reduced, re- | Recovery 
(1910) curred immediately and reduced again 
19 Dunn (1911) a Child Resection of gangrenous intussusception joined with | Died 
a button. Specimen contained an_ inverted 
* Meckel’s’ diverticulum 
20 Walton (1911) _— — _ A direct intussusception proximal to a polypus and a —_ 
- retrograde distal 
21 Kauntze (1912) Terminal ileum 10 yr. M. | Paul’s resection for 2} ft. intussusception caused by | Died 
Meckel’s diverticulum and band 3 
22 Catz (1913) _ 4 yr. M. | Volvulus containing retrograde intussusception. | Died 
Resection and anastomosis for gangrene 
23 Clubbe (1921) Terminal ileum 9 mth. Infant | Ileocecal intussusception reduced by enema incom- | Recovery 
pletely. At operation three retrograde intussuscep- 
; tions also found 
24-25 | Perrin and Lindsay — _- —_ Two cases at London Hospital, probably Rigby (1903) _ 
(1921) and Walton (1911) 
26 Mitchell (1925) Multiple 10 yr. I Operation after abdominal injury. A direct intus- | Recovery 
susception of jejunum and also a double, direct and 
retrograde : 
27 Ibos and Legrand- | Proximal jejunum 38 yr M. | Resection and anastomosis Died 
Desmons (1929) 
28 Mesnager (1929) Proximal jejunum 16 yr. I At operation reduction of 40 cm. retrograde intus- | Died 
fi susception. Post-operative hematemesis : 
29 Cioffi (1934) Proximal jejunum 10 yr. —_— Resection and anastomosis for obstruction. Speci- | Recovery 
men contained a small angio-adenoma 
30 ¥ sane Gross —_ —_ _ One case recorded in 372 cases of intussusception Recovery 
1934 
31 Camminiti (1935) Meckel’s diverticu- | 47 yr. M Excision and anastomosis of 37 cm. ileum. Specimen _ 
lum <n an invaginated Meckel’s pointing proxi- 
mally 
32 Mitchell (1936) Terminal ileum 15 yr. F Resection and anastomosis Recovery 
33 Kander (1938) Terminal ileum 28 yr. F At operation a proximal direct, and distal double | Died 
intussusception caused by secondary pigmented 
sarcoma 
34 Todyo (1938) — — _ Three cases amongst 154 intussusceptions in Japan _ 
35 Todyo (1938) os — _— No details — 
36 Todyo (1938) Multiple 20 yr. M. | Many intussusceptions mostly retrograde proximal | Recovery 
to incarcerated L.I.H. Recurrence later due to a band 
37 Morelle (1939) — 8 mth. F. | A double invagination due to a Meckel’s diverticulum _ 
38 Morelle (1939 — 45 yr. M. | A single retrograde enteric intususception. _ 
39 Kirchmayer —_ — A retrograde invagination associated with a Meckel’s _ 
diverticulum : 
40 Ryan and Morgan — 58 yr. F, Compound, two direct and two retrograde intussuscep- | Died 
(1939) tion 30 in. below a gastrojejunostomy. Death 
from pneumonia 
4! Groper (1940) Mid-ileum 69 yr. F. At operation volvulus of a retrograde intussusception. | Recovery 
—— and anastomosis. Causation benign 
polypi 
42 Falor (1948) Multiple _ M. ration for perforating wounds, one direct and | Recovery 
ee contiguous, direct and retrograde intus- 
susception 
Ceco ileal :— P 
43 Blancardus (1701) _ — —- Obstruction due to cxco-ileal intussusception Died 


—_—_— 














15 











210 THE BRITISH JOURNAL OF SURGERY 
Table III.—Casz HISTORIES OF 103 CASES OF RETROGRADE INTUSSUSCEPTION—continued 
— 
CASE AUTHOR SITE AGE SEX CasE NOTES KESULT 
_—— 
44 Fabricus (1682) —_ oo M. | P.M. Obstruction due to ceco-ileal intussusception | Died 
45 Wood (1876) _ 25 yr. F, 6} in. intussusception of ileum and cecum into ileum | Died 
46 Goodyear (1938) _ s mth. M. | 10 in. long ceco-ileal reduced Died 
47 Boccia, Rizzio, and — a _ Cezxco-ileal due to lymphosarcoma - 
Matteo (1938) 
48 Thorek and Lorrimer — 59 yr. I Right hemicolectomy for cxco-ileal intussusception | Recovery 
(1947) with an adenocarcinoma cecum 
Colic :— 
49 Harrison (1845) Descending — M. | Two months’ conservative treatment. At P.M. | Died 
descending colon invaginated into transverse 
50 Besnier (1857) Sigmoid 22 yr. F, Nine days’ conservative treatment. At P.M. sigmoid | Died 
: colon invaginated into descending 
51 Korte (1892) Descending 8 yr. M. | At operation 8 cm. long. Reduction Recovery 
52 Nothnagel (1896) Descending oe a Conservative treatment for eight months ? F 
53 Kirmisson (1911) — _ _ Quoted by Catz (1913) Late reduction Died 
54 Balfour (1918) Sigmoid 45 yr. M. | Operative reduction of 3 in. long intussusception. | Recovery 
een to recur, resected. Specimen contained j 
pedunculated malignant papilloma 
55 Schoenfeld (1931) Sigmoid 4 mth. F, Operation reduction of sigmoid into descending colon | Died 
to splenic flexure. Died of pneumonia 
56 Sussman (1932) Descending $3 yr. F. At operation descending colon intussusception into | Recovery 
transverse due to a pedunculated lipoma 
57 Lewis (1936) Sigmoid 47 yr. F, Retrograde sigmoid intussusception with apex in | Died 
cecum. Reduced and resected. Died from pneu- 
monia 
58 Flemming (1937) Descending 30 yr. F, At operation reduction of a retrograde into trans- | Recovery 
verse intussusception due to a benign polyp 
59 Werneck (1947) Descending 8 mth. F. Operative reduction, descending into transverse Recovery 
Compound Colonic :— 
60 Ruysch (1757) —_ —_— _ A diagram of a double intussusception direct proximal — 
to retrograde 
61 Spry (1800) _ 6 mth. — Direct ileocecal with surrounding indirect sigmoid. | Died 
Specimen obtained P.M. after 3 days’ symptoms 
62 Langstaff (1807) _ 3 mth. — Five days’ conservative treatment. At P.M. a direct | Died 
ileocecal with surrounding retrograde sigmoid 
63 Moutard-Martin — _ - A retrograde intussusception into cecum was invagin- -- 
(1812) ated into itself distally 
64 Du Puy (—? —) — — — Rectosigmoid intussusception with direct intussuscep- — 
tions 
65 Nélaton (— ? —) _ — oe One retrograde and one direct intussusception _— 
66 Sainet (1850) _ 9 Infant Proximal ileocecal direct and retrograde colocolic | Died 
in transverse colon, overlapping, found at P.M. 
67-74 Leichtenstern (1873) — — —_ Eight cases of primary retrograde intussusception in — 
593. No details 
75 Perigrine (1873) — 6mh — P.M. following passage of gangrenous gut showed a | Died 
direct §-in. intussusception itself invaginated 
proximally for 1 in. 
76 Jones and Page —_ 5 yr M. Inflation failed at sixth recurrence. At operation | Died 
(1878) direct intussusception of c#cum and retrograde of 
colon overlapping. Very difficult reduction 
77 Power (1886) _— s mth. M. | Direct ileocecal and retrograde of transverse colon. | Died 
Found at P.M. after failed insufflation 
78 Broca (1896) _ 6mh — Direct ileocolic meeting ascending sigmoid Recovery 
79 Brown (1898) _ 3 yr. M. | At _ direct ileocecal with terminal retrograde | Recovery 
cu 
20 Power (1899) _ 5 mth. F. Ileostomy for irreducible intussusception. At P.M. | Died 
direct ileocecal intussusception with surrounding 
double retrograde 
81 Treves (1899) _ 6mh — At P.M. a direct intussusception § in. long with sur- | Died 
rounding retrograde intussusception about 24 in long 
82 Carson (1900) —_ § mth. F, Failed insufflation. At operation resection for | Died 
double direct ileocecal and retrograde sigmoid 
83 Knaggs (1900) _ 3 mth. F. At operation retrograde intussusception descending | Died 
colon surrounding a direct ileocecal. Reduced 
84 Bryant (1901) — 9 mth. F. At operation a direct ileocecal and indirect ascending _ 
into transverse colon. Reduced 
85 Mitchell (1902) _ 4mh — At operation retrograde in ascending colon and direct | Recovery 
ileocecal. Reduced 
86 Riedel (1905) _ smth — At operation an ileocolic intussusception, a retrograde | Died 
sigmoid into transverse and direct sigmoid into rectum 
87 Buckley (1919) _— 2 9. M. | At operation retrograde intussusception in descending | Recovery 
colon surrounding the proximal 3 in. of a direct 
intussusception 
88 Kausch (1920) _ _ —_ Quoted 1 case and 41 from the literature. No — 
references 
smth. — At operation an ileocecal intussusception with a | Died 
mucosal cyst with retrograde sigmocolic intussuscep- 
tion surrounding the apex. Reduced and resected 
89 Clubbe (1921) — 4mth — Failed oil enema. At operation an ileocecal intus- | Recovery 
susception with surrounding retrograde. Reduced 
90 Wells (1925) —_ Child Resection for ileocecal intussusception palpable | Died 
P.R. and surrounding retrograde intussusception 
gI Wells (1925) —_ Child Similar to above, but reduction possible Died 
92 Richdorf (1933) ~- 8 mth. M. | At operation an ileocolic direct intussusception and a | Recovery 
retrograde descending into transverse. Reduced. 
A jejunal loop adherent across transverse colon 
93 Ryan (1936) -- 7 mh — At operation direct intussusception palpable P.R. | Recovery 
with surrounding retrograde of descending colon 
94 Kogima (1939) — 36 yr. _ At operation a descending intussusception surrounded | Recovery 
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Table I1I.—Case HISTORIES OF 103 CASES OF RETROGRADE INTUSSUSCEPTION—continued 
EE. 











CASE AUTHOR SITE AGE SEX Case NOTES RESULT 
— 
95 Dubois-Roquebert _— 6mth. — At operation a direct colocolic and a retrograde Recovery 
(1940) sigmoid into transverse colon. Reduction 
96 Maddox (1954) — 24 yr. M. | At operation ileocecal direct intussusception and | Recovery 
retrograde intussusception of transverse colon. 
Reduced resection for cecal tumour. No histology 
97 Maddox (1954) — II yr. M. | At operaton direct ileocecal intussusception reaching | Recovery 
rectum with surrounding retrograde intussusception. 
Reduced 
Appendicular :— ‘ : ' : ‘ ° 
98 McSwain (1941) —_ 19 yr. M. | At operation a direct ileocecal intussusception with | Recovery 
retrograde intussusception of the appendix. Reduced. 
Later recurrence of cecal intussusception. Resected | Recovery 
Not Given :—_ , : ; i 
99 Blasius ( ? 1677) — 14 yr. M. | AP.M. specimen of direct and retrograde intussuscep- Died 


100 Hipsley (1935) _ — _ 


101 Popescu-Urleuni and —_ Adult 
Carp (1940) 

102 Wu and Chang (1944) _ Adult 

103 Tsvetkov (1952) _ — —_ 











tion 
Reports one case of direct and retrograde intussuscep- _ 
tion 
Recurrent obstruction due to adhesions and retro-| — 
grade invagination : ’ 
An acute retrograde intussusception — 
An article on retro2zrade intussusception. ? cases _ 














On EXAMINATION.—Her temperature was 99 , pulse 
100, respirations 20. She was pale and distressed with 
pain and had a dry tongue. She was thin and very frail 
inappearance. B.P. 90/80. The abdomen was distended 
and there was marked visible peristalsis. A hard mobile 
mass with a well-defined lower edge and an indefinite 
upper edge was felt in the L.I.F. There was a palpable 
loop of gut in the left side of the abdomen leading down 
to the mass and another passing diagonally across the 
abdomen. 

The diagnosis made was acute on subacute obstruction 
due to neoplasm of the sigmoid colon. 

AT OPERATION (Mr. R. Milnes Walker).—A left supra- 
umbilical paramedian incision was made and the transverse 
colon, distended to 24 in. diameter, was encountered. 
On exploring the left iliac fossa, the mass which had been 
felt per abdomen was discovered on the pelvic brim and 
was obviously a retrograde intussusception of the sigmoid 
into the descending colon. A finger could be passed 
upwards between the intussusceptum and the intus- 
suscipiens all the way round quite easily. The apex 
was at the splenic flexure. The intussusception was 
easily reduced and the apex was seen passing downwards. 
The invaginated bowel and mesentery, which was 
unusually long, were very oedematous, but there was no 
gangrene. The most cedematous part contained a hard 
tumour apparently attached to the mesenteric border. 
One hard gland was found in the mesentery. A trans- 
verse colostomy was made through the upper part of 
the wound. 

The patient recovered rapidly after operation. On 
Oct. 2 the abdomen was reopened by a left paramedian 
incision. The intussusception was found to have recurred, 
to the same level, as at the previous operation. The gut 
was slightly inflamed and cedematous and was reduced 
with some difficulty. About 10 in. of bowel and mesen- 
tery, including the palpable glands, were resected and 
side-to-side anastomosis performed. 

The patient was remarkably well after operation and 
was discharged on Oct. 31 with the colostomy still 
patent. She was re-admitted on Dec. § for closure of 
the colostomy and was discharged healed on Dec. 17. 

Section showed the tumour to be a benign adenoma- 
tous polyp. Section of the lymph-node showed only 
relat ve hyperplasia. 

Patient has been followed-up and when last seen in 
Augiist, 1954, was alive and well. 


REVIEW OF LITERATURE 


_ A total of 103 cases have been reported in the 
lite-ature. 


Details are given in Tables I—III. 


COMMENTARY 


Since, according to Wright (1952, a) no satis- 
factory reason has yet been given for the normal 
‘law of forward conduction’ in the bowel it is not 
surprising that no convincing explanation has been 
given of the pathological occurrence of retrograde 
invaginations. Retrograde peristalsis is known to be 
physiological in all parts of the alimentary tract but 
is relatively rare in most parts (Wright, 1952, b). 
As described by Alvarez (1928), it is commonest 
in the terminal ileum and rectosigmoid and also 
occurs in the first part of the duodenum (Wright, 
19§2, b). 

Since normal (direct) peristalsis can occur in the 
absence of extensive nervous influences (Wright, 
1952, a, b), the suggestion that involvement of the 
nervous pathways by neoplasm, when present, has 
resulted in the retrograde intussusception, lacks 
foundation. In any case the tumours have been of 
all varieties, papillomatous, sessile, and cauliflower. 

Most of the other abnormalities, such as Meckel’s 
diverticula, found in direct intussusceptions have 
also been found in the retrograde variety. None of 
these, therefore, gives a clue to the underlying cause. 

Thorek’s and Lorrimer’s (1947) explanation on 
the basis of Alvarez’s metabolic gradient theory is the 
most convincing general explanation so far given, 
but presupposes acceptance of the original theory. 

In the primary retrograde intussusceptions, there- 
fore, no definite explanation has yet been advanced ; 
although it appears both from the case now published, 
and those of Balfour (1918) and Silhol and Bossy 
(1910), which all recurred following reduction, that 
there is some permanent change causing a retro- 
grade, and not a direct intussusception to occur. 
However, Hunter’s explanation of the relative rarity 
of the retrograde variety seems to fit the facts very 
well. Thus they occur most commonly at the sites 
where retrograde peristalsis is most frequent but, 
since even there, it occurs less often than in the 
aboral direction, the tendency to form a retrograde 
intussusception is comparatively rarer. The inci- 
dence of formed intussuscepta of this variety is 
probably further reduced by the natural tendency 
towards reduction. 


; 
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The mechanism in a minority of cases, the 
multiple traumatic and obstructive type, and the 
secondary colic type, is perhaps, more under- 
standable. In the former and in the so-called agonal 
intussusceptions common in children, gross increase 
of peristalsis in both directions occurs, resulting in 
multiple intussusceptions in both directions (Barnard, 
1907; Todyo, 1938; and Falor, 1948). 

In the secondary colic type of intussusception, 
the lesion commonly occurs in the sigmoid region 
and may be due to the normal mechanism (Alvarez, 
1928) of the region. Such a case is that of Ryan 
(1936). 

Finally, there are the cases as described by 
Treves (1899), of which Buckley’s (1919) may be an 
example, and which Treves considered were pseudo- 
retrograde intussusceptions due to the turning down 
of a collar of the direct intussusception. 


I should like to thank Professor R. Milnes Walker 
for his encouragement and advice; Dr. T. S. L. 
Beswick, of the Pathological Department, Cam- 
bridge ; Mr. Brian Clarke, of the University of 
Bristol, for assistance with translations; and 
Mrs. Fearnley Taylor, of the Records Department, 
Bristol Royal Infirmary, for help with the manu- 
script. 
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A CASE OF MELANOBLASTOMA OF THE PENIS 
By E. N. MACDERMOTT anp J. D. KENNEDY 


UNIVERSITY COLLEGE AND CENTRAL. HOSPITAL, GALWAY 


MELANOBLASTOMA of the penis is among the rarest 
of lesions and accordingly every such case should 
be worthy of presentation. The ordinary text-books 
make but scanty mention of the occurrence of such 





Fic. 258.—Biopsy specimen. ( 


175.) 


‘ 


a lesion: Ewing (1940) simply states “‘ melanoma 
of the glans penis has been described by Payr 
(1899) ’, while Willis (1952) is mute : Herbut (1952) 
quotes I2 cases. 

The last comprehensive review published was 
by Wattenberg (1944), who records 11 cases described 
by others. Since then we have been able to trace 
two further publications: Harrison (1944) and 
Roberts (1952) each of whom record 1 case. The 
case we present thus brings the number of recorded 
cases up to I4. 

Of the 14 cases described, the limits of age were 
33 years (authors’ case, 1954) and 78 years (Wheelock 
and Clark, 1943). The lesion in all but one case 


was of the glans penis and presented either as an 
ulcer, a papule, or a protruding mass, red or black 


in colour ; in some cases the papilloma was removed 
with at first no suspicion of malignancy and only 
on recurrence was its histology ascertained. In the 
case of Wheelock and Clark, there was an interval 





Fic. 259.—Section of urethra showing melanin-containing 
tumour cells. (x 220.) 


of four years between the first fulguration of the 
papilloma and the recurrence. Metastases occurred 
in most cases (10 out of 14) relatively early—in 9 
months in our own case, and in one other case 
reported. No metastases were found in the cases 
described by Gould (1880) and Colby (1929) or in 
Wheelock and Clark’s case, and the latter was alive 
and well ten years after partial amputation of the 
penis. Metastases are usually found first in inguinal 
lymph-nodes, but in one case Miner (1896)—the 
liver alone was involved; pelvic metastases were 
only mentioned in 2 cases—Peters (1922) and 
Harrison (1944)—and may have been present in 
3 other cases (excluding the case described in this 
paper), but in no case were pelvic lymph-node 
metastases met with apart from visceral secondaries. 
15* 
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This distribution of secondaries has an important 
bearing on treatment, as it suggests that there is 
probably no justification for routine resection of 
the iliac or hypogastric nodes. Melanoblastomata 


are at most poorly sensitive to radiation and thus 
early radical amputation and dissection of the 
inguinal glands is the treatment of choice. 


CASE REPORT 


P. G., aged 33 years, a strong healthy man, presented 
himself on Feb. 26, 1953, complaining of slight urethral 
discharge for three months and of urethral bleeding on 
sexual excitement or slight injury. 

There was a small vascular dark-red papillomatous 
mass presenting at the external meatus; but no other 
abnormality was noted. Two days later under local 
anzsthesia the mass was coagulated by diathermy and 
the patient returned to his ordinary life with no complaint. 
He presented himself again two months later with a 
recurrence which now seemed of much deeper origin and 
on examination, an indurated area was palpable about the 
penoscrotal junction. On May 6, under anesthesia, the floor 
of the distal 4 cm. of the urethra was split and the 
mass was seen to be growing from the urethra about 
2 cm. from the external meatus, and a number of purplish- 
black streaks extended from the base longitudinally along 
the urethra. The mass and hase were removed for 
pathological examination and were reported as “ A very 
actively growing melanoma. The cells are pleomorphic, 
showing frequent mitosis. The tumour is rich in 
melanin.” (Fig. 258.) 

On June 10 a radical amputation of the penis was 
performed and though the inguinal glands were not 
palpable, a bilateral block dissection was done on 
June 24. One gland was found to contain cells, similar 
in histological structure and melanin content to the 
primary tumour. Convalescence was delayed by the 
right inguinal incision suppurating but the patient left 
hospital with only slight difficulty in urinary control early 
in August. 

In January, 1954, he was again in hospital with lobar 
pneumonia: but no evidence of recurrence was found on 
clinical or X-ray examination. The patient when seen 
in June, 1954, had suprapubic and inguinal metastases 
and was referred for deep X-ray therapy, though the 
extent of the disease was such as to hold out scant hope of 
cure. 

The patient died in June, 1955, almost exactly two 
years after operation. He showed clinical metastases in 
inguinal, iliac, supraclavicular, and upper left cervical 
glands, and in the liver, peritoneum, lungs, mandible, 
and parotid region. An autopsy was unfortunately not 
obtained. 

PATHOLOGY.—The pathological description of the 
biopsy, penis, and lymph-nodes is as follows :— 

Biopsy of Urethral Tumour.—Piece of tissue measuring 
10mm. X §mm. Histologically a very actively growing 
melanoma. The cells are pleomorphic and numerous 
mitosis and multinucleated tumour cells are seen. 
Spindle-celled areas are present in addition. There is a 
great deal of brown pigment present which does not 
give the iron reaction and which is identified as melanin 
(Fig. 258). 

Amputation of Penis.—The specimen consists of penis. 
Redundant prepuce is present. No tumour is seen on 
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the glans. On transecting the penis longitudinally, th, 
substance of the glans is seen to be infiltrated by blac 
melanotic tumour tissue. Black pigmentation cxtenj 
backwards in the urethral mucosa (Fig. 259) to a rough 
area 65 mm. from the meatus. From this area th 
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Fic. 260.—Section of inguinal lymph-node showing 
tumour cells. ( 90.) 


preceding biopsy has been removed. Further section 
shows numerous melanotic areas in the substance of the 
penis and lymphatic infiltration is seen. Histologically 
the tumour is similar to that found in the biopsy. 

Block Dissection of Inguinal Nodes.—The nodes are 
not grossly enlarged and no tumour is seen on gross 
examination. Histologically one metastatic deposit is 
found in the peripheral sinus of one of the nodes examined 
(Fig. 260). 


SUMMARY 


A case of melanoblastoma of the penis is described, 
and the literature summarized. 
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TRAUMATIC THROMBOSIS OF THE INTERNAL CAROTID ARTERY 


FOLLOWING A NON-PENETRATING 


INJURY AND LEADING TO 


INFARCTION OF THE BRAIN 
By P. R. R. CLARKE, JUNE DICKSON, anp B. J. SMITH 


FROM THE DEPARTMENTS OF NEUROLOGICAL SURGERY AND CLINICAL PATHOLOGY, GENERAL HOSPITAL, NEWCASTLE UPON TYNE 


A NON-PENETRATING injury to the neck may cause 
traumatic thrombosis of the internal carotid artery. 
This is an uncommon occurrence, but when it takes 
place it is frequently associated with a head injury. 
The development of signs of cerebral damage in a 
patient who has received both head and neck injuries 
may present a considerable diagnostic and thera- 
peutic problem. 

The literature on this subject was reviewed by 
Schneider and Lemmen (1952). They found § 
reported cases of concomitant head injury and 
traumatic internal carotid artery thrombosis follow- 
ing non-penetrating injuries and they described 2 
new cases of their own. The purpose of this report 
is to record 1 further case of this type. 


CASE REPORT 


At 8.0 p.m. on Aug. 18, 1953, a man, aged 45 years, 
was working at his lathe when a piece of metal flew off 
the machine and struck him on the left side of the neck 
below the angle of the mandible. The force of the blow 
knocked him down and his head struck the ground. 
There was no loss of consciousness and he was able to 
tell his wife about the accident fifteen minutes later. At 
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FIG. 261.—The left carotid vessels showing thrombus 
extending upwards from the point where the intima of the 
internal carotid artery was torn. 


11.0 p.m. he complained of feeling sick and a few minutes 
later he became aphasic. The following morning his 
right arm was found to be paralysed. 

He was admitted to the Department of Neurological 
Surgery, under the care of Mr. G. F. Rowbotham, at 
1.30 p.m. on Aug. 19. 

On EXAMINATION.—The patient lay with his head 
and eyes turned to the left; even though he did not 
respond to words, he had an intelligent look on his face. 

ere was a right facial paresis of upper motor neurone 
type; the left pupil was larger than the right, but both 
direc: and consensual light reactions were normal. No 
active movements of the right arm were seen and its tone 


was increased. There was no weakness of the legs but 
the tendon reflexes were exaggerated on the right side 
and the right plantar response was extensor. Immediately 
behind the angle of the mandible on the left side there was 
a small abrasion with an underlying area of induration 
approximately 14 in. in diameter. Normal pulsation 
was present in the superficial temporal artery. There 


FiG. 262.—Coronal section of both cerebral hemispheres 
illustrating the features mentioned in the text, particularly the 
enlargement and softening of the left hemisphere. 


were bruises in the left frontal and right frontoparietal 
regions. X-ray examination of the skull showed no 
evidence of fracture. 

The following day there was incontinence of urine 
and the level of consciousness was markedly depressed. 
There was spastic paralysis of the right leg. 

On Aug. 21 the man’s condition was unchanged and 
at 6.0 p.m. on that day anticoagulant therapy was started ; 
an intravenous injection of heparin (10,000 units) was 
given and a further injection (5,000 units) was given at 
midnight ; ‘ Dindevan ’ by mouth was also given (1 tablet 
6-hourly). 

At 4.0 a.m. on Aug. 22, there was a sudden lapse into 
deep unconsciousness ; the pulse-rate rose to 120 and the 
temperature was 107-5°; both pupils were dilated and 
fixed. Death occurred at 5.15 a.m. 

POST-MORTEM EXAMINATION.—A small posteromedial 
intimal tear was present in the internal carotid artery just 
above its origin from the common carotid vessel. The 
lumen of the artery was completely occluded by thrombus 
which was adherent to the tear (Fig. 261) and which 
extended upwards as far as the origin of the anterior and 
middle cerebral arteries. 

The cerebral gyri were flattened and both tentorial 
and cerebellar pressure cones were present. External 
examination revealed that the left cerebral hemisphere 
was larger and softer than the right. Section showed the 
whole of the left hemisphere to be soft and friable, 
particularly in the temporal lobe, over the corpus callosum 
and over the wall of the lateral ventricle. The cortex 
was pale and hemorrhagic. The right cerebral hemi- 
sphere was cedematous (Fig. 262). Numerous small 
hemorrhages were seen in the pons. There was no 
fracture of the skull. 
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DISCUSSION 


This case presents much of interest from the 
points of view of aetiology, diagnosis, and treat- 
ment. 

Aetiology.—The internal carotid artery in the 
neck is protected from external violence by the 
neighbouring bony structures and soft tissues. The 
transverse processes of the upper cervical vertebre 
are behind it, the pharynx lies medially and the 
sternomastoid muscle covers it on the anterolateral 
aspect. In this case the blow caused sudden 
hyperextension of the neck with lateral flexion to 
the opposite side. It is considered that sudden 
stretching of the internal carotid artery over the 
transverse process of the third cervical vertebra 
caused the intimal tear. 

Diagnosis.—Here, as in the other cases which 
have been described, a decision had to be made as 
to whether the developing neurological picture was 
due to internal carotid artery injury or whether it was 
caused by intracranial hemorrhage. The march of 
events in this particular case seemed to point to 
the former diagnosis. Should there be any doubt 
on this score in a case of this type, we would consider 
burr-hole exploration of the head essential in order 
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to exclude the presence of extradural or su sdurgj 
hemorrhage. We would prefer to arrive °t the 
diagnosis in this way rather than to carry out : arotid 
angiography, adequate facilities for which may no 
always be available and which is a procedure ca “Tying 
its own risks. 

Treatment.—Administration of anticoagulant; 
was witheld initially in this case because of the fear 
of hemorrhage into a softened area of brain. Should 
we see another case like this, we would commence 
treatment with anticoagulants and antispasmodics g 
once. 


SUMMARY 


A case of associated head and neck injuries, with 
consequent internal carotid artery thrombosis, js 
described and discussed. 


The authors wish to express their thanks to 
Mr. G. F. Rowbotham for permission to publish 
this report. 
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PERFORATION 


OF MECKEL’S DIVERTICULUM BY A PIN 


By E. LEIGHTON JOHN, NEATH 


AMONG the very numerous complications which can 
arise from the presence of a Meckel’s diverticulum 
is the incarceration of a foreign body within the 
diverticulum and its subsequent inflammation and 
perforation. 

It is a rare occurrence and is not usually included 
in the customary list of complications arising from 
the remains of the vitello-intestinal duct. 

I have been able to trace 22 cases in the literature 
and by far the commonest foreign body responsible 
is a fish bone (Blanc, 1929 ; Webb, 1933 ; Donovan, 
1937; and more recently Weinstein, 1942; Ross- 
mann, 1943; Tamraz, 1946; Whelan, 1951; and 
Blomquist, 1951). 

The other various foreign bodies found respons- 
ible are quoted by Persson (1939) as wood splinters 
(3 cases), sewing needles (2 cases), and gramophone 
needle (1 case). Lastly, two cases of perforation by 
rolled tomato skin are recorded by Hiller and Bernhard 
(1933) and Lortat-Jacob and Bucaille (1950), and 
perforations by remnants of cabbage stalk by 
MacFarlane (1948). 

A further case of perforation of Meckel’s diver- 
ticulum by a pin is recorded below. 

This case is of interest in that a foreign body was 
known to have been swallowed and its presence 
confirmed by radiography, and its progress 
followed through the intestinal tract, whereas most 
cases would naturally present as atypical peritoneal 
inflammation usually diagnosed as acute appendicitis. 


CASE REPORTS 


G. L., a boy aged 10 years, was admitted to hospital 
on April 2, 1954, with a history of having swallowed a 


doll’s hat pin forty-eight hours previously. No symptoms 
of any kind developed until that morning, when he had 
some abdominal pains and diarrhoea. These pains had 
ceased on admission. There were no other relevant facts. 

On EXAMINATION.—A healthy boy in good general 
condition. Temperature 98-4°, pulse 88 per minute; 
respiration 20 per minute. 

_ Abdomen, no tenderness or guarding. No physical 
signs. 

P.R., no abnormality detected. 

Plain radiograph of abdomen confirmed the presence of 
a pin-shaped foreign body in the pelvis (Fig. 263). 

He was kept under observation for seven days and he 
remained well; no other symptoms developed. Further 
radiographs showed the pin remaining in the intestine— 
and not apparently progressing. 

On April 13 a barium meal was performed to attempt 
to ascertain the exact location of the pin. 

The following day the boy complained of central 
abdominal pain and his temperature rose to 99°8. 
Examination showed definite localized tenderness in, the 
right lower quadrant and also rectal tenderness. 

A diagnosis of perforation of the intestine by the pin 
was made and laparotomy advised. The barium studies 
showed the pin to be in fact in the small intestine and 
apparently projecting from it (Fig. 264). 

AT OPERATION (E. L. J.).—The abdomen was opened 
by a right lower paramedian incision. The small 
intestine appeared filled with barium. A Meckel’s 
diverticulum was found about 2 in. long containing 4 
small hat pin about 1} in. in length (Fig. 265), which had 
pierced the wall of the diverticulum and caused local 
inflammation with purulent exudate. The appendix was 
normal. 

Diverticulectomy and appendicectomy were 


per- 
formed. Recovery was uneventful. 


Further examination of the barium meal shows clearly | 


in retrospect the location of the pin in fact in a pouch of 
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small intestine (i.e., probably a Meckel’s diverticulum) 














(Fig. 264). 
DISCUSSION 

The above case illustrates the importance of 
considering the possibility of a Meckel’s diverticulum 
in a case ON non-passage of a foreign body (which 
is usually passed without undue delay or difficulty) 
and the inherent risks of perforation in such 
circumstances. 





FiG. 263.—Radiograph showing pin-shaped foreign body in 
the pelvis. 


It would appear that such imprisonment of 
foreign bodies with resulting perforation and periton- 
itis is more likely in the wider-mouthed Meckel’s 
pouch than in the appendix itself, and that this 
occurrence should be recognized as one of the many 
complications of a Meckel’s diverticulum. 

Perforation and peritonitis is not the only out- 
come of incarceration of a foreign body in a Meckel’s 
diverticulum. Miller (1927) quoted a case where he 
found impacted tomato and grape seeds in a diver- 
ticulum which had formed a cyst and this ultimately 
caused strangulation of small intestine. 

Another instance is quoted by du Toit (1927) 
where prickly pear pips had become incarcerated 
in the diverticulum, causing stretching of its neck, 
with pedicle formation which resulted in snaring 
of the bowel and small-gut destruction. 

A further case of interest is recorded by Schreiber 
(1949) where a chicken bone (thought to have been 
present for over a year) eroded a vessel in the wall 
of the diverticulum and caused a massive and fatal 
intestinal hemorrhage. 

Thus it would seem that :-— 

1. A sharp foreign body, once imprisoned in a 
Meckel’s diverticulum, will sooner or later cause 
perf ration or possibly massive hemorrhage. 

. If multiple smooth foreign bodies are incarcer- 
atec in the pouch, repeated attacks of inflammation 
ma\ occur, resulting in peritonitis, or, by the weight 
of t .e trapped foreign bodies, a pedicle may form by 
stre ching, which can thus ensnare bowel or undergo 


tor: on resulting in obstruction or strangulation of 
Int: stine. 


PERFORATION OF MECKEL’S 





radio-opaque 
intestine should suggest the possibility that a Meckel’s 
diverticulum may conceivably be present, and that a 
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SUMMARY 


1. A case of Meckel’s diverticulum perforated 
by a pin which had been swallowed is recorded. 
Such perforations are rare and of these, fish-bone 
perforations are most common. 

2. It is felt that a hold-up in the passage of 
foreign bodies through the small 





FiG. 264.—Radiograph showing position of the pin protruding 
from Meckel’s diverticulum. 





Fic. 265.—The pin and the Meckel’s diverticulum, showing 
inflamed wall. 


careful watch be made for the earliest signs of 
complications. 

3. The liability of a Meckel’s diverticulum to 
trap foreign bodies of all kinds, and the variety of 
possible sequelz is noted. It is put forward that this 
should be given due recognition among the complica- 
tions attributed to the vestigial structure. 


I wish to express my thanks to Dr. R. A. Roberts 
for the barium studies and the radiograph in 
this case; and to Dr. H. T. P. Martin for the 
photograph. 
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THYROID 


ABSCESS 


By M. W. REECE 


THE ROYAL INFIRMARY, SHEFFIELD 


THYROID abscess is an uncommon condition, only 
4 cases being reported by Young (1940) out of 2900 
cases of thyroid disease submitted to operation. 
Other cases are reported by Cochrane and Nowak 
(1934), Henderson (1935), Derbyshire and Gray 
(1944), Stock (1944), and Altemeier (1951). The 
unusual feature of a fluid level seen on radiography 
of the neck is one that I have been unable to find 


Fic. 266.—Lateral radiograph of the neck, showing the fluid 
level and areas of calcification in the thyroid. 


reported in the literature and is the point of interest 
of this case. 


CASE REPORT 


A housewife, aged 67, was admitted to the Leicester 
Royal Infirmary in March, 1954, complaining of malaise 
for one month and a painful swelling in the neck. She 


first noticed a small swelling when she was aged 32. |; 
was initially painless, enlarging in the ensuing year, 
during which time she was treated with several courses of 
iodine. The swelling then ceased to grow and sh 
remained well until eighteen years later, when she under. 
went nephrectomy (reason not known) and two years 
later cholecystectomy for chronic cholecystitis. 

In November, 1953, four months prior to admission, 
the thyroid again enlarged and in the following February 


FIG. 267.—Anteroposterior radiograph of the neck, with 
lateral tilt, showing the persistent fluid level and the deviation 
of the trachea. 


became painful and tender. Dyspnoea was noticed on 
exertion and she suffered from increasing dysphagia for 
all types of food. Four days before admission an attack 
of diarrhoea and vomiting occurred, the temperature 
rising to 103-4° F. Her neck became _ increasingly 
painful. 

On examination the patient was a small thin woman with 
a husky voice and a persistent irritant cough. There was 
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a smooth tender swelling about the size of a tangerine in 
the left lobe of the thyroid which was partially obscured 
py surrounding induration. The overlying skin was 
adherent, reddened, and markedly warm on palpation and 
the neck veins were engorged. Movement of the thyroid 
on swallowing was both diminished and painful. Her 
temperature was 101° F., pulse 100/min., and respiration 
26/min. ‘There was no evidence of hyperthyroidism and 
the remainder of the examination revealed no significant 
























es abnormality. 
INVESTIGATIONS.—Blood : W.B.C. 5600 per c.mm., 
polymorphs 72 per cent, lymphocytes 22 per cent, Hb 

69 per cent. 
Radiography of the neck (Figs. 266, 267) showed the 
trachea to be compressed and deviated to the right. 
The thyroid showed scattered areas of calcification and 
contained a cavity within which was seer: a fluid level 
which was confirmed by tilting. The cavity did not 
empty with the body either upright, supine, prone, or 
inverted. A barium swallow showed displacement of 
32. i I the esophagus but no other abnormality. Laryngoscopy 

& year, was normal. 
Urses of A diagnosis of infection of a thyroid cyst by a gas- 
nd she forming organism was made and a course of penicillin 
under- 200,000 units six-hourly was started. The pyrexia 
> years I settled in five days, induration and tenderness diminished, 
i ’ and the thyroid became increasingly mobile on swallowing. 
hission, Penicillin was discontinued after twelve days, but four 
>bruary BF days later her symptoms returned, subsiding again, how- 





ever, on a course of distaquaine penicillin 300,000 units 
and streptomycin 0-§ g. twice daily. This was continued 
through to the post-operative period. 

At OPERATION (Mr. E. R. Frizelle).—Four weeks 
after admission the thyroid was exposed through a collar 
incision. The tissues around the thyroid were edematous 
but there was little increased vascularity or fibrosis. A 
large fluctuant swelling in the left lobe of the thyroid was 
dissected out (Fig. 268), a definite plane of cleavage being 
found. The cyst was removed whole, there being no 
obvious connexion with surrounding structures. The 
wound was closed in layers with one corrugated rubber 
drain. Her post-operative course was uneventful, the 
wound healing by first intention, and she was discharged 
to the Convalescent Home on the fifth post-operative day. 

At the follow-up clinic in June, 1954, her wound was 
found to be soundly healed with no evidence of residual 
thyroid disease or infection. Her general health was 
markedly improved. 

PATHOLOGY.—The specimen was a cyst, §°§ cm. in 
diameter, with a thick wall, the inner surface of which 
was covered by a thin layer of calcified material containing 
pale yellow pus and amorphous and calcified debris. 
Microscopically the wall showed infected fibrous tissue 
with a thin capsule of compressed thyroid acini and an 
inner layer of granulation tissue. The wall contained a 
few lymphoid follicles indicating that this had been 
previously a thyroid cyst which had become infected. 
Examination of the pus showed Gram-positive cocci, and 
on aerobic and anaerobic culture a small growth of non- 
hemolytic streptococci was obtained. No _ tubercle 
bacilli were found. 


DISCUSSION 


Acute pyogenic thyroiditis arises most frequently 
The 


































th in a previously diseased gland (Joll, 1932). 
mn incidence of suppuration in these cases is variously 
reported. Robertson (1911) found 40 cases of 
lo Suppuration in 96 cases of thyroiditis. Altemeier 
| for (19<1) described 12 cases of acute pyogenic thyroid- 
tack itis, of which 6 formed abscesses. An abscess may 
ture aris: either as suppuration in a case of thyroiditis, 
agly or «s infection of a pre-existent thyroid cyst. The 
vith cas: described above is typical, apart from the 





flu d level, of the latter type ; very similar cases are 
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described by Means (1948), Crile and others (1932), 
and Altemeier (1951). 

The origin of the gas in the cyst is of some 
interest, postulating either a connexion with the 
respiratory tract or an infection due to a gas-forming 
organism. The only track that has been suggested 
is a persistent thyroglossal duct (Meeker, 1925) and 





FiG. 268.—The infected cyst exposed at operation. 


this is extremely unlikely. The investigations per- 
formed and the findings at operation preclude all 
except the most minute of connexions, and it appears 
much more probable that the gas was produced in the 
cyst. As a non-hzemolytic streptococcus, which 
does not produce gas, was the only organism found, 
it must either have been produced previously or 
during the present attack by an organism sensitive 
to penicillin or streptomycin. Among the organ- 
isms commonly found in thyroid infections are 
streptococci, staphylococci, pmeumococci, typhoid 
bacilli, and colon bacilli (Candel, 1946): a colon 
bacillus appears the most likely culprit. 

The diagnosis of inflammatory conditions in the 
neck may present difficulty (Altemeier, 1951 ; 
Jackson, 1954), although the history of previous 
thyroid swelling associated with pain and diminution 
of movement on swallowing aids in the diagnosis. 
Hemorrhage into an adenoma, malignant disease, 
Reidel’s thyroiditis, or Hashimoto’s disease are 
probably the most difficult differential diagnoses. 
Alternative causes of a fluid level in the neck are 
easily excluded. Retropharyngeal abscess can be 
diagnosed by lateral radiography showing forward 
displacement of the pharynx. Achalasia and pharyn- 
geal pouch are excluded by a barium swallow, and 
an external laryngocele shows a gas shadow but no 
fluid. A possible diagnosis of cavitated carcinoma 
of the larynx, a case of which, with rather similar 
appearances, was seen recently by the author, is 
excluded by laryngoscopy. 
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The recommended treatment before the advent 
of antibiotics was incision and drainage, followed 
later by resection of the diseased area, if necessary 
(Joll, 1932). Improved results have been reported 
recently by Altemeier (1951) using pre-operative 
chemotherapy, drainage, if the abscess arises in a 
previously normal thyroid gland, and partial lobec- 
tomy if the infection can be localized to an adenoma. 
The efficacy of the latter treatment is confirmed by 
the uneventful and rapid recovery of the present 
case, which responded very satisfactorily to penicillin 
and streptomycin followed by excision of the cyst. 


SUMMARY 


1. A case of thyroid abscess is described which 
revealed an unusual fluid level on radiography of 
the neck. 

2. The incidence and pathology of thyroid 
abscess is briefly described. 

3. The pathology and diagnosis of the fluid level 
is discussed. 

4. Treatment by antibiotics, followed, in suitable 
cases, by primary partial thyroidectomy, is suggested. 
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Royal Infirmary, for his encouragement and permis. § The te 
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OF all the true congenital diverticula occurring in 
the gastro-intestinal tract Meckel’s is undoubtedly 
the commonest. Many of the other comparable 
anomalies grouped under the general heading of 
reduplications do not communicate with the intestine. 


FiG. 269.—Gross appearance of the specimen. 


In the present case the duplication communicated 
with the terminal ileum and clinically simulated a 
Meckel’s diverticulum. 


CASE REPORT 


A girl 2} years old was admitted to the Duchess of 
York Hospital for Babies, Manchester, on May 18, 1954, 
because of profuse meleana. She was the first of two 
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FIG. 


children of healthy parents and had been born normally 
at term. She was breast-fed for seven months. At the 
age of 7 weeks she had an attack of diarrheea lasting a few 
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Fic. 270.—The cyst opened, showing the communication with of a 
the ileal lumen. and 

, of a 

days and another similar attack when she was 22 months & inflz 
old. Apart from these she had been well until the day § dive 
before admission. That morning she looked very pale, § adja 
refusing her meals and retched repeatedly. She & dive 
complained all day of abdominal pain and in the § exci 
evening she passed a very large, black, foul-smelling § ana: 
stool. The abdominal pain persisted overnight and § ope 
the following morning she was still pale and refusing B disc 






food. 





ENTEROGENOUS 


On EXAMINATION.—The child was pale and listless. 
The rectum contained tarry faces with flecks of fresh 
blood; otherwise no abnormalities were discovered. 
Blood examination showed haemoglobin 64 per cent 
Sahli), platelets 300,000 per c.mm., leucocytes 18,400 
per c.mM. 5 the urine was normal. After a bowel wash- 
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THE SPECIMEN.—The specimen consisted of ileum 
measuring 79 cm. in length. Near the lower end, 
attached to the mesenteric border and enclosed by the 
mesentery, there was a red tumour measuring 4°5 xX 4°7 

3°6 cm. (Fig. 269). On opening, the tumour was 
found to have a thick wall—6 to 14 mm. across—lined on 


out sigmoidoscopy was performed under general 


\ the inner surface by extensively folded mucous membrane 
anesthesia ; no lesion of the bowel was seen. Barium 


with deep crypts between the folds (Fig. 270). It 


Fic. 271.—The stoma by wie the cyst communicated with 


FiG. 272.—Section through cyst wall showing two muscular 
the ileum. 


layers, submucosa, and mucosal layer. 


Fic. 273.—Oxyntic cells in deeper layers of mucosa of cyst. 


meal and follow-through revealed nothing abnormal. 
During the next week she recovered her appetite and 
passed normal stools; she did not have any more 
abdominal pain. It was decided that the intestinal 
hemorrhage was probably due to bleeding from a Meckel’s 
diverticulum. 

At OPERATION.—On June 1, under general anesthesia, 
the abdomen was opened by a right paramedian incision. 
There was no free fluid in the peritoneal cavity. In the 
mesentery of the lower ileum there were numerous firm 
and enlarged lymph-glands. About 15 in. (40 cm.) from 
the ileoceecal valve there was a red tumour with a diameter 
of about 4-5 cm. which was attached to the lower ileum 
and its mesentery. The wall of the bowel for a distance 
of about 2 ft. proximally was injected and apparently 
inflamed. The condition was thought to be a Meckel’s 
divert:culum with secondary infection of it and the 
adjacent ileum. About 24 ft. of bowel, including the 
diver! culum and all the gland-containing mesentery, was 
excised. Continuity was restored by end-to-end 
anast mosis. The wound was closed in layers. Post- 
Oper: ive course was uneventful and the child was 
disch rged on June 24. Since then she has remained 
well, ithough liable to some looseness of the bowels. 


Fic. 274.—Junction of od and ileum, showing fusion of 


muscular layers, apparent sphincter formation in lip of stoma, 
and transition between ileal and gastric-type mucosa. 


contained a small amount of mucoid fluid and some 
undigested food particles and communicated by a small 
opening with the mesenteric border of the bowel (Fig. 
271). There was no evidence of ulceration of the cyst 
wall or of the bowel throughout its length. 
MICROSCOPICAL EXAMINATION.—The cyst consisted 
of the usual layers of the bowel (Fig. 272). The mucosal 
layer had the appearance of gastric mucosa with many 
deep crypts lined by mucus-secreting cells and in the 
deeper layers numerous oxyntic cells (Fig. 273). At the 
point of junction of the cyst and the bowel wall muscle- 
fibres ran into the lip of the stoma and appeared to be 
arranged partly circularly, giving the appearance of a 
sphincter (Fig. 274). At the stoma the gastric mucosa 
of the cyst gradually changed to ileal mucosa (Fig. 274) 
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The cyst wall and the wall of the adjacent bowel 
failed to reveal any evidence of ulceration. 


DISCUSSION 


Enterogenous cysts of the ileo-cecal region are 
rare. Mehn and Morrow (1946) found reports of 
§2 cases from 1856 to 1944. Gross, Holcomb, and 
Farber (1952) have reported 20 duplications of the 
ileum, but the exact location of the structures is not 
given. It is apparently rare for cysts in this region 
to communicate with the bowel. Mehn and Morrow 
state simply that “‘the cavities of the cysts are 
unconnected with the lumen of the bowel ’”’, and 
Gross and others record that of their total of 67 
duplications of all parts of the gastro-intestinal 
tract only 13 had a communication with the bowel 
lumen. Of 24 cysts of the ileum reported by Evans 
(1929) only 3 communicated with the gut. Dohn 
and Povlsen (1951) compiled from the literature a 
list of 315 ‘enterocystomas’, of which only 8 
communicated with the alimentary tract. 

Mehn and Morrow also state that melzna is a 
rare method of presentation, but Poncher and Milles 
(1933) refer to a case in which there was “‘ a profuse 
hemorrhage during infancy and no further symptoms 
until the age of 18, when the patient died as the result 
of marked intestinal bleeding or shock”. Dohn 


and Povisen (1951) maintain that “ the preseace of 
an intra-abdominal enterocystoma is a periloy 
condition ” and state that over one-fourth of th 
recorded cases had proved fatal. 

These statements indicate the necessity for fy) 
investigation, including laparotomy, of cases jp 
which an enterogenous cyst is a possible diagnosis, 


SUMMARY 


A child aged 2} years presented with profus 
melena and abdominal pain. At operation ap 
enterogenous cyst of the ileum, communicating with 
the bowel, was found and removed. 


We are grateful to Miss D. Davison and Mis 
J. Whittaker for the drawings and to Mr. P. \, 
Stuart for the photomicrographs. 
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REVIEWS AND NOTICES OF BOOKS 





Antibiotics Annual, 1954-1955. Proceedings of the 
Second Annual Symposium on Antibiotics. Edited 
by HENRY WELCH, Ph.D., and FELIx MArTI-IBANEz, 
M.D. 10 x 6} in. Pp. 1154 + x. Illustrated. 
1955. New York: Medical Encyclopedia, Inc. 


Tuts large volume describes the activities of the second 
annual symposium on antibiotics. The papers cover 
every aspect of the increasing importance of the subject 
in medicine and surgery. No less than fourteen new 
antibiotics were reported, an average of more than one 
a month, and as all workers are continually searching for 
fresh ones it seems likely that the size of the annual volume 
will increase rather than diminish in future years. For 
the research worker this book is a necessity, as it must 
be for every reference library. 





Clinical Neurosurgery. Proceedings of the Congress 
of Neurological Surgeons, New Orleans, La. 9  6in. 
Pp. 201 + viii, with 89 illustrations. 1955. London: 
Baillitre, Tindall & Cox. 61s. 6d. 


THIs is a record of the proceedings of the congress of 
neurological surgeons which took place in New Orleans 
in 1954 and honours Sir Geoffrey Jefferson by containing 
a happy portrait of him on its fly leaf and having the first 
three of its six chapters from his pen. These are on 
Changing Views on the Integration of the Brain, The 
Trigeminal Neuromas and Malignant Invasion of the 
Gasserian Ganglion, and Compression of the Optic 
Pathways by Intracranial Aneurysms, respectively. The 
remaining three chapters are records of discussions on 
the Anatomy and Physiology of the Frontal Lobes, 
Psychosurgery, and the Use of Fluids and Electrolytes 
in the Management of the Neurosurgical Patient. These 


read as if they were being verbally delivered to the reader 
and in parts are delightfully informal, as when Sir 
Geoffrey remarks that at a meeting of the British Society 
of Neurological Surgeons at Cardiff the president in 
commenting on a paper on the connexions of the temporal 
lobe stated he “‘ couldn’t give a toot on Ammon’s horn”. 
In the last of the fascinating chapters which comprise 
this little book the blood brain barrier is discussed, and 
it is of interest to note that a morphological basis for it 
has been suggested in the sucker-feet of the astrocytes 
which surround the capillaries. Among the contributor 
to the book are psychiatrists, an anatomist, two physio- 
logists, and a general surgeon, in addition to well-known 
neurosurgeons such as Sir Geoffrey himself, Earl Walker 
of Johns Hopkins, and J. L. Pool of the Neurological 
Institute and the Presbyterian Hospital in New York. 
This is a book which all who are interested in the nervous 
system will want to possess, and particularly all of Sit 
Geoffrey’s many friends and admirers, since it is a fine 
tribute to him and his work. 





The Year Book of Urology, 1954-1955. Edited by 
WILLIAM WALLAGE Scott, M.D., Ph.D., The Johns 
Hopkins Hospital. 7} = § in. Pp. 372, with % 
illustrations. 1955. Chicago: The Year Book 
Publishers. (London: Interscience Publishers Ltd. 
455. 


Tuis book follows the customary lines we have grow? 
to appreciate. After his usual engaging editorial, this 
time on Mexican urology, Dr. Scott gives us concis 
summaries of the world literature on urology for th 
year. His short comments are not the least interesting 
part of a volume which no urologist can afford to miss. 
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REVIEWS AND NOTICES OF BOOKS 


intestinal Obstructions. Physiological, Pathological, 
and Clinical Considerations, with Emphasis on 
Therapy, including Description of Operative Proce- 
dures. By Owern H. WANGENSTEEN, B.A., M.D., 
Ph.D., Professor of Surgery, University of Minnesota, 
Minneapolis, Minnesota. Third edition. 9} x 6} in. 
Pp. 838 + xxxiv, with 200 illustrations. 1955. 
Springfield, Ill.: Charles C. Thomas. (Oxford : 
Blackwell Scientific Publications.) £5 12s. 


Tue new third edition of this well-known work contains 
some 364 more pages and 79 more illustrations than in 
the previous edition. Professor Wangensteen’s mature 
dinical experience is portrayed in the pages of this book, 
and in abdominal surgery, and especially in the treat- 
ment of intestinal obstruction, experience is of great 
importance. 

With the more precise information concerning fluid 
and electrolyte requirements of patients with intestinal 
obstruction the prognosis has been considerably improved. 
The author presents several new methods of operative 
procedure, and describes new intestinal tubes and new 
intubation techniques. 

The whole work is full of sound surgical experience 
and as a reference volume could not be bettered. 





Neuro-vascular Hila of Limb Muscles. By J. C. 
BrasH, M.C.,M.A., M.D.,D.Sc.,LL.D., F.R.C.S. Ed., 
F.R.S.E., Professor Emeritus of Anatomy, University 
of Edinburgh. 9} 7 in. Pp. 100 xvi, with 30 
coloured illustrations. 1955. Edinburgh: E. & S. 
Livingstone. 30s. 


Tuts is an atlas illustrating the sites of entrance of the 
arteries (coloured red) and the nerves (yellow) into the 
muscles of the limbs. The author has obtained data 
from the Departments of Anatomy at Aberdeen, Leeds, 
and Glasgow, as well as at Edinburgh, and has consulted 
previous work, to which he refers in the introduction. 
German anatomists have recognized an area neuro- 
vasculosa in muscles and a neurovascular hilum, and 
some detailed descriptions are given in Bardeleben’s 
Handbuch (1908) and in A. Hovelacque’s (1927) great 
work on the peripheral nervous sytem. Reference is 
made to these and other writers and to some recent 
work of British authors. 

Each of the plates faces its corresponding page of 
text, headed by the names of the nerves and muscles 
represented in the chart. 

Arteries to muscles do not always accompany the 
nerve-fibres entering them, nor does the converse hold, 
but in general Schwalbe’s (1879) observations are con- 
firmed that, as we might expect, nerves and vessels enter 
muscle bellies at points where their movements affect 
them least and from which there is the most even distribu- 
tion to the substance of the muscles. 

Compiling these charts has necessitated a great deal 
of carefully detailed work and Professor Brash is to be 
congratulated not only on this useful contribution to 
descriptive anatomy but in giving us in it another instance 
of the falsity of the often repeated statement that the 
field of descriptive anatomy has been worked out. 





Leg Ulcers: their Causes and Treatment. By 
S. T. ANNING, T.D., M.A., M.D. (Cantab.), M.R.C.P., 
Assistant Physician, Dermatological Department, The 
General Infirmary, Leeds; etc. 84 x 5} in. 
Pp. 178 + viii, with 41 illustrations. 1954. London : 
J. & A. Churchill. 18s. 


THIs is a useful little monograph which deals with the 


comme : leg ulcers which are associated with a defective 
Venous return from the lower limbs, and with ulcers 
tesultin.: from arterial disease. 
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It is right and proper that a physician who is interested 
and deals with diseases of the skin should write this 
book, for his clinical experience of such ulcers must be 
great. 

One of the features is the excellence of its illustra- 
tions, both photographs and line drawings. 

The many and various leg ulcers which result 
from varicose veins, osteitis deformans, hypertension, 
arteriosclerosis, and myelogenous leukemia are well 
described. 

Students and practitioners will find this a very useful 
monograph. 





Surgery for Nurses. By JAMES Moroney, M.B., 
Ch.B., F.R.C.S. (Eng.), Visiting Consulting Surgeon, 
Clatterbridge General Hospital, Cheshire, and Broad- 
green Hospital, Liverpool; Examiner in Surgery to 
the General Nursing Council for England and Wales. 
With a Foreword by Miss Dorothy M. Smith, O.B.E., 
Chairman of the General Nursing Council for 
England and Wales; Matron, Guy’s Hospital. 
Third edition. 8} « 54 in. Pp. 696 + xii, with 
§92 illustrations. Edinburgh: E. & S. Livingstone. 
27s. 6d. 


Tus book has now run into its third edition. It covers 
the whole field of general and special surgery in nearly 
700 pages. It is well arranged, written in clear and 
simple style, and well illustrated. 

Although the contents are based on the syllabus 
required by the Nursing Council, the actual nursing 
care is not detailed enough and probably too advanced 
for the junior nurses. The fundamental principles 
required by nursing are set out but not explained in 
practical detail. For instance, no instruction is given in 
such procedures as giving an enema, colonic lavage, and 
how to pass a Ryle’s tube. 

The book forms an excellent reference for a junior 
nurse if she is well instructed and reads a text-book on 
the simpler technical details of nursing. It would be 
true to say that it finds a more suitable level at the ward 
sister and senior nurse level, and because of the manner 
and scope of its presentation, students and junior house 
officers would find it a profitable vade-mecum in their 
daily duties in the wards. 

Apart from a few lapses in printing and cross- 
reference, it is an admirable production. 





Atlas of Rentgen Anatomy of the Skull. By 
Lewis E. Etter, M.D., F.A.C.R., Associate Professor 
of Radiology, School of Medicine, University of 
Pittsburgh. 11 x 8 in. Pp. 215 + xv, with 239 
illustrations. 1955. Oxford: Blackwell Scientific 
Publications. £5 6s. 


Tuis beautifully produced atlas will certainly become a 
reference volume to all who are interested in any way with 
the anatomy and surgery of the skull. There are some 
239 plates showing the X-ray and anatomical features of 
the skull. Up to the present time our knowledge of the 
X-ray anatomy of the skull has not been extensive, 
although much progress has been made during the last 
decade. 

Professor Etter has wisely included a section of the 
radiographic anatomy of the temporal bone by Dr. Brown 
Farrior, of Florida, and a section of the Reentgen 
Anatomy of the skull in the newborn infant by Doctors 
Henderson and Sherman. These two sections do 
enhance the value and usefulness of the work. 

We agree with Professor Grier, who writes a fore- 
word, when he says: “ This atlas should prove to be of 
great value not only to the radiologist but also to all those 
surgeons who operate upon the face and skull, the 
otologist, the rhinolaryngologist, the neurological and the 
oral surgeons.” 
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Bone and Bones: Fundamentals of Bone Biology. 
By JosEPH P. WEINMANN, M.D., College of Dentistry, 
University of Illinois; and Harry SIcHER, M.D., 
D.Sc., School of Dentistry, Loyola University, 
Chicago. Second edition. 9} x 6} in. Pp. 508, 
with 302 illustrations. 1955. London: Henry 

Kimpton. £5. 

THERE has been considerable advance in our knowledge 
of bone pathology, especially in the histology and bio- 
chemistry of bone tissue since the first edition of this 
important work appeared in 1947. 

This second edition contains an excellent discussion 
on osteoid osteomas and cementomas. 

Bone pathology interests a variety of specialists 
to-day and the general surgeon is one of them, for he 
frequently finds himself dealing with tumours which 
have invaded the bony skeleton. 

This monograph contains a wealth of good clinical 
photographs, photomicrographs, and radiographs of 
normal and abnormal bony tissues. As one would 
expect, the chapters devoted to the pathology of the 
bones of the face and skull are very interesting and 
comprehensive. 


JOURNAL. OF 


SURGERY 


This work will long remain the standard r-fereng 
volume dealing with bone biology and pathology. 





Surgical Physiology of the Adrenal Cortex. Vo, 2% 
American Lecture Series. By JAMES D. Harpy 
M.S. (Chem.), M.D., F.A.C.S., Professor and Chai. 
man, Department of Surgery, and Director of Surgicy 
Research, University of Mississippi ; etc. 84 < Shin 
Pp. 191 + xxii, with 34 illustrations. 1955. Spring 
field, Ill.: Charles C. Thomas. (Oxford: Blackwe 
Scientific Publications.) 42s. 


DwuRING the last decade great strides have been made i; 
the field of endocrinology and every surgeon must ¢ 
necessity have a sound knowledge of the endocrix 
organs and their hormones. 

This useful monograph should prove of real value » 
the surgeon and the physiologist because it covers mud 
ground which should interest each of them. Perhay 
the most interesting chapter deals with the current staty 
of adrenalectomy as a treatment for essential hyperte- 
sion and for metastatic neoplasms of the breast an 
prostate. 
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will be made from these for review, precedence 
greatest interest to our readers.] 


the receipt of the following volumes. A selection 
being given to new books and to those having the 





Breast Cancer and its Diagnosis and Treatment. By 
EDWARD F. Lewison, B.S., M.D., F.A.C.S., Assistant 


Professor of Surgery, Johns Hopkins University 


School of Medicine ; etc. 
with 181 illustrations. 
& Wilkins Co. 
Ltd.) 114s. 


The British Encyclopedia of Medical Practice. 
Medical Progress 1955. Editor in Chief: THE 
Lorp Horper, G.C.V.O., M.D., F.R.C.P. 98 x 68 
in. Pp. 325 + vi. 1955. London: Butterworth & 
Co. (Publishers) Ltd. 3§s. 


Thoracic Surgical Management. By J. R. BELCHER, 
M.S., F.R.C.S., Surgeon, London Chest Hospital ; 
and I. W. B. GRANT, M.B. (Edin.), F.R.C.P. (Edin.), 
Physician, Respiratory Diseases Unit, Northern 
General Hospital, Edinburgh. With a Foreword by 
Sir CLEMENT PRICE THOMAS. Second Edition. 
8 x 5$in. Pp. 216 + ix, with 78 illustrations. 1955. 
London: Bailliére, Tindall & Cox. 2!s. 


Suprapubic Prostatectomy. With Primary Closure 
of the Bladder by an Original Method. By Univ. 
Prof. Dr. THEODOR HUYRTSCHAK, Vienna. Author- 
ized translation by Nose S. R. Maur, M.S., M.D., 
Ph.D., Houston, Texas. 9 x 5fin. Pp. 187 + xxxii, 


10 X 6fin. Pp. 478 + xii, 
1955. Baltimore: Williams 
(London: Bailliére, Tindall & Cox 


with Frontispiece and 31 illustrations. 
field, Ill. : Charles C. Thomas. 
6Is. 


1955. Spring 
(Oxford : Blackwell 


Modern Operative Surgery. Edited by the lat 
G. GREY TURNER, LL.D., D.Ch., M.S., F.R.CS, 
F.R.A.C.S., F.A.C.S., Professor of Surgery in th 
University of London and Director of the Department 
of Surgery at the British Postgraduate Medical School; 
and LAMBERT CHARLES RoGerRs, V.R.D., M.Sc., M.D, 
F.R.C.S., F.R.C.S.E., F.R.A.C.S., F.A.C.S., Professor 
of Surgery, University of Wales ; Director of Surgicd 
Unit, Cardiff Royal Infirmary. Fourth Edition. h 
two volumes. 9 x 6in. Vol.I. Pp. 1229 + xx, with 
476 illustrations. 1955. London: Cassell & Co 
70s. 


Salivary Gland Tumours. By Donatp E. Ros, 
M.D., F.A.C.S., F.1.C.S., F.R.C.S. (Eng. and Edin.), 
Chief Surgeon, Ross-Loos Medical Group, Lo 
Angeles, California. 11 = 8% in. Pp. 86+W™ 
Illustrated. 1955. Springfield, Ill.: Charles C 
Thomas. (Oxford: Blackwell.) 54s. 


British Medical Bulletin. Vol. II, No. 3, Sept., 1955 
Surgery of the Heart and Thoracic Blood 
Vessels. Scientific Editor: N.R. Barrett. London 
The British Council. 





